Metallurgical 


Chemical 
Engineering 


An Incorporation of 
k , 1913. ] - ewe d M . 
\ ol. XI. No. 6 New y or . June $2 00 per Year to U S. an — 




























| 
| 


poe fes rc re 


Needs this book 


It covers fully the production and use of 
carbon-free ferrous and non-ferrous 
Metals and Alloys. For the foundryman, 
the chapter on Ferro-Titanium will be of 
spec ial interest and value. It tells how to 
treat iron and steel with carbon-free ferro 
titanium and the results which will be ob 
tained. Those troubled with porous cast 
ings or having a high percentage of de- 
fective castings will profit greatly by the 
information contained in_ this chapter 
alone. 
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Mn and Metallurgist 


Tool steels and other special alloy steels 
are covered in the chapter devoted to car 
bon-free pure chromium and ferro-chro 
mium and their applications, which des 
cribes particularly the production of steels 
high in chromium and where the carbon 
content must be kept within specified 
limits. 


The requirements of the brass foundry 
are not overlooked in this book and the 
various uses for pure carbonless man 
ganese, manganese-copper, maganese-ti 
tanium and manganese-boron are treated 
in great detail. 
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and numerous formulas. 

It will be sent promptly on request and is known as Pamphlet 
No. 2041. 

Write for it today. 


: GOLDSCHMIDT - THERMIT CO. 


Peer 























fe) WILLIAM C. CUNTZ, General Manager 

fe 

fe 90 WEST STREET, NEW YORK 

© 432-436 Folsom St., San Francisco. 103 Richmond St., W., Toronto, Ont. 

a , 7300 So. Chicago Ave., Chicago. 

& 

3 wae TAM R R R POT R R 

Index to Advertisers, page 73. Classified Directory, pages, 66-67-68 


j 





METALLURGICAL AND CHEMICAL ENGINEERING JUNE, 1913 





The Widening of the 


Joint Surfaces 


on the plates and frames of 


Shriver’s Filter Presses 
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PROMPT DELIVERY WE GUARANTEE, 
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the presses you cannot overlook All sizes 
and designs Small presses for laboratory 
work. 


T. SHRIVER & CO. a lg HARRISON, N. J. 


808 Hamilton Street 














Krupp Machinery ana Products 


BALL MILLS EXCELSIOR MILLS 
TUBE MILLS RESISTANCE WIRE 
FORGINGS OF ALL QUALITIES OF STEEL 
‘SPECIAL MACHINERY OF ALI CLASSES 














THOS. PROSSER & SON, 22 Platt Street, New York 


: 7 ea , 
KRUPP BALL MILD OL 














: TYLER STANDARD SCREEN SCALE 
HE Tyler Standard Screen Scale Sieves have been constructed from wire cloth, specially pre- 
j h | ed vs th id h h he Ratio \/2 oR 1.414 
pared, with accurately measured openings that increase and decrease throughout the series D; w 
; ar = 
: in Milli ne 
The Screen Scale has as its base an opening of .0029 which is the opening in 200 mesh neh 
0021 wire—the standard sieve as adopted by the Bureau of Standards. 149 
The diameter of the openings as shown in the table increase in the Rittinger ratio of the square 525 “33 ++ 


105 
root of 2 or 1.414, making the area of each sieve in the scale just double that of the next finer or - 092 
half that of the next coarser. 263 070 
The Tyler Standard Screen Scale Sieves divide the tested product in much better proportion j= 3.327 036 
than a Sieve series with no relationship between the openings. ae +: rt 
Specially ruled paper is furnished in connection with the Sieves for making either a cumu- ; * 83: 025 


; “eg 0172 
lative direct plot or a cumulative logarithmic plot showing a graphic illustration of screen analysis. 0125 


_ _ _ , : a , 7 35 .0122 
The new Testing Sieve catalogue (just issued) describes fully the Screen Scale Sieve and the 5 0092 
method of plotting curves and will be sent on request. 203 5 .0072 


‘ .0042 
Write for Testing Sieve Catalogue No. 36 ‘*B’"’ and discounts 14 my 


The W. S. Tyler Company :: Cleveland, Ohio 


MANUFACTURERS OF WIRE CLOTH AND MINING SCREEN 














JUNE, 1913 


METALLURGICAL AND CHEMICAL ENGINEERING 
































ISSUE OF JUNE, 1913 
Award of the Willard Gibbs Medal to Dr. Leo H. Baekeland (phan es epee’ ; - 311 
\ report of the proceedings at the recent presentation of the third Willard Gibbs medal to 
Dr. L. H. Baekeland, in Chicago, with abstracts of the principal speeches made and an 
abstract of the address of Dr. Baekeland on the Chemical Constitution of Resinous Phe 
nolic Condensation Products. 
Evolution of Methods of Handling Slime. By H. N. Spicer sed a ae See eee 315 
The third article of the serial in which the author, who is an authority on slime treatment, 
gives a critical account of the evolution of methods of handiing slime in different coun 
tries, based on his observations on a recent trip around the world. The present in 
stalment deals with methods in use in Australia, with special reference to Broken Hill 
and Kalgoorlie practice 
Electrode Holder Construction for Electric Furnaces ' - vee 
\ long and profusely illustrated article showing the different designs of top-holders and 
side-holders for electrodes in use in European electric furnace plants, with additional 
notes on the joining and dimensioning of electrodes 
Copper Smelting Operations of the Santa Fé Gold and Copper Mining Co. By Clarence T. Emrich... 327 
An illustrated article giving details of the power plant, methods of sorting, sampling, and 
analyzing the ore, and discussing the good results obtained with a somewhat obsolete 
type of furnace. The improvements obtained by water-cooling the jackets are stated in 
detail. 
Note on Cold-Junction Corrections for Thermocouples. By Paul D. Foote.......... _—er 329 
A critical discussion of methods for correcting or compensating the cold-junction error in 
the use of thermocouples his subject is of importance for thermoelectric pyrometry. 
Heat Transmission and Entrainment in Vacuum Evaporators. By E. W. Kerr viens 333 
An account of an elaborate series of tests in which the effect of various items on heat trans 
mission was analyzed, such as the effect of varying the head of the juice, the effect of 
temperature levels, the effect of air in the heating steam used. the effect of density 
of steam and of density of boiling water, effect of superheat, and the value of the down 
take. Finally an account of special entrainment tests is given 
EDITORIAL: Methods for Investigating and Recording Atmospheric 
The Willard Gibbs Medal 302 gy tm gy Ge, Sous — pak Suepented i ‘tie 
Zinc Dust Precipitation......... 304 cents ory "Me italia " z 
The Detailed Pig-Iron ES Pre i cpesecptie -w~ and Metallurgical Patents.. jon Bee 
° Synopsis cen ~mical . . _ 
Shape and Rod Production eS sae eee 305 aa « Oe _ Se ene matemengreel Litera ™ 
READERS’ VIEWS AND COMMENTS: : Refractories Manufacturers’ Association. 350 
Nop vert Hydroelectric Sane. By F A. a The Peaietiia of Geant Ghd feee............... 351 
The Thermist. By Albert Sauveur...... aan ahi 306 — oe - 7, werienatbors of ” 
Simple Rules for Temperature Conversion Ry d S 
Donald M. Liddell........... bine aaigee ait 306 \ New Recorder Pen Arm to Facilitate the Changing of 
Inverse Weighing of Light Objects on Heavy Weight Charts aees sovceoes . . 355 
Scales. By Wallace RB. Crowe ‘ 306 \ New Ammeter and Voltmeter............cccccccecs 355 
The Effect of Power Development on the Canadian Concentration Low Grade Iron Ores in Michigan 357 
} Falls at Niagara. By P. McN. Bennie *- Phe Design, Construction and Uses of Centrifugals. By 
: Iron and Steel Market........... en 2 i Ws Sea ves cane en eed eas ba ants Aiveanne Se 
The Non-Ferrous Metal Market. za , con ae Absorption and Reaction Towers for Chemical Factories 359 
The Western Metallurgical Field............. ios ene. ae Production of the Diamond in Electric Furnaces hy 
Boston Meeting of the American Institute of Chemical Francis P _aam.. ais otha anit soaccvcccns SL 
Engineers ...... cee heehee nwbn chet petesios 2 oon ee re ee ere eee 363 
International Engineering Congress.......... sous ee Personal ....... OTTTIVICT TT TT TTT Te 363 
The Chemistry of Tungsten. By Chas. Baskerville...... 319 Digest of Electrochemical U. S. Patents 364 
Notes on Chemistry and Metallurgy in Great Britain... 342 a RP ey Pees 365 
} 
Published by 
McGRAW PUBLISHING CO., Inc., 239 West 39th Street, New York 
; 




















METALLURGICAL 


AND 


CHEMICAL 


ENGINEERING JUNE, 1913 





The Only Natural Alloy 
of Nickel and Copper is 


ONEL 
ETAL 


This new material, used with such success by 
metallurgical and chemical engineers to with- 
stand strong acid and alkaline conditions, can 
now be obtained promptly in any form from 
our complete stock. 


Monel Metal is sixty-eight per cent nickel, 
twenty-seven per cenit copper and the balance 


iron and manganese. 


It has proved invaluable because, although 
light and easily worked, it has a tensile strength 
of 75,000 to 100,000 Ibs. per square inch, is 
acid resisting to a remarkable degree and most 


economical. 


While Monel Metal in rods, castings and 
sheets is adaptable practically everywhere that 
machinery is used, its resistance to acid, alka- 
line and weather conditions makes it peculiarly 
valuable for smelter roofs, pump rods, mine 
screens, superheated steam valves, pickling 
frames and roofing of all kinds. 
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to the uses and money-saving ability of Monel 
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Medal to Dr. Leo H. Baekeland, which is published else- 
where in this issue, suggests a brief comment on medals in 
and on the Willard Gibbs medal and 


recipient in particular. 


general present 


There are medals and medals. Their variety is unlimited 
whether we consider them as pure works of art or as stand- 
ing for a purpose. From a purely artistic viewpoint the 
renaissance of the medal has been one of the phenomena 
of art evolution during, say, the last forty years, and a study 
of modern medals may be made a most interesting source 
of instruction, as it will reveal some principal leitmotivs in 
the evolution of art of different nationalities and different 
schools, 

But medals are far more important by what they stand 
for. And in this respect the modern renaissance of the 
medal is due to the complete change in public sentiment 
from exclusive war-hero worship to a broad recognition 
that honor is due even more forcibly to those who have 
accomplished works of peace and contributed to the positive 
progress of human civilization. This country has the Civil 
War Medal, the Indian War Medal, the War With Spain 
Medal, 
founded in recent years by scientific and engineering socie- 
ties, such as the Edison Medal, the John Fritz Medal, the 
Willard Gibbs Medal, Perkin Medal. And if 


the competition between different societies in founding new 


and so on. But it has now also a series of medals, 


and the 


medals seems at times almost to degenerate into a fad or 
a craze, it still emphasizes the healthy psychological attitude 
that is at the bottom. 

We could easily add to the list of prominent medals con- 
But those 
John Fritz, Willard Gibbs, and 
Perkin medals—emphasize by their very names one and 
perhaps the most prominent function which these medals 
have to fulfill—to link together the name of the man in 
whose honor the medal was founded with the name of the 
recipient of the medal, to link together the past with the 
present and the future, or in a single word to give inspira- 
tion. 


ferred for engineering or scientific attainments. 
we mentioned—the Edison, 


To make our point clear with especial reference to the 
Willard Gibbs medal and its award to Dr. Baekeland, we 
may refer to the words of Dr. Richardson in his happy 
presentation speech. “The man who accepts a medal takes 
upon himself a heavy responsibility. Like the man in the 
story he places himself in the hands of his friends in a most 
absolute way. There is no relief or rest for him from the 
time he arrives in town until he is safely aboard a train and 
on his way home. There is every likelihood of his being 
over-entertained and over-feasted. “ 


All this is very 
true, but the concluding sentences would seem to over- 
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shadow a deeper meaning intended, we think, in the first 


sentence quoted. 
Wilder D. 


Bancroft in the obituary written for this journal (Vol. 1, 


Willard Gibbs died ten years ago and Dr. 


page 313) made some pointed and impressive remarks which 
are fundamentally as true to-day as they were ten years 


ago and which we quote because they came back at once to 


our memory in connection with the sentences of Dr. Rich 


ardson given above. With respect to Gibbs’ Equilibrium 


of Heterogeneous Substances Dr. Bancroft wrote: 

“While the fundamental importance of this paper is now 
generally recognized by chemists, it must be admitted that 
this is very largely lip service still. There is no man who 


pretends to understand Gibbs. There are some who have 
understood small portions of this classical work, but that is 
all \s 


easier to discover a thing oneself than to find it in 


one distinguished scientific man has said, it is 


Gibbs. 


[his is perfectly true. But when one has, after much 


effort, discovered a thing, one finds it all in a more general 


form in Gibbs The trouble is not that Gibbs is obscure. 


After one has mastered a small portion, one wonders that 
there ever should have been any difhculty in understanding 


that particular passage. But the difficulty reappears with the 


next Gibbs’ mind works along different lines 


passage 
from those of the chemist of to-day and the latter cannot 
We 


obscure until Clerk-Maxwell put it into mathematical form 


follow. all know that Faraday’s reasoning seemed 
When some experimental chemist succeeds in doing for 
Gibbs’ mathematics what Clerk-Maxwell did for Faraday’s 
experiments, then for the first time shall we appreciate the 
real greatness of the man whose loss we mourn.” 

We need hardly draw, in many words, the logical con- 
clusion of 


presentation of the Willard Gibbs Medal to Dr. Baekeland 


from our connection these sentences with the 
We do not know anyone in the world who by ability, enthu 
siasm, and perseverance would be more predestined to do 
for Gibbs’ mathematics what Clerk-Maxwell did for Fara- 
Will he do it? We 


day’s experiments, than Dr. Baekeland. 


should not wonder. 


Zinc-Dust Precipitation 

he continued and increasing use of zinc dust as a pre- 
cipitant for gold solutions in the cyanide industry is grad- 
ually extending our practical knowledge of the operation, 
even though all the chemistry involved may not be definitely 
known. As in the development of any novel process the 
original advocates of zine dust precipitation hedged the 
method about with certain precautions and _ restrictions 
which were dictated by their best judgment and reason 
But likewise, as in the further application of such novel 
processes, the actual use of zinc dust in the hands of vari 
ous metallurgists and under a variety of conditions ha 
gradually altered the original practice. Step by step some 
of the negative precautions have been disregarded with 
apparent impunity, while at the same time the original 
positive instructions have been altered with consequent im- 
provement. Thus, both by accident and design, fallacies 
have been exposed and our practical knowledge increased. 

It will be recalled that one of the points strongly em- 
phasized in the early literature on zinc-dust precipitation 


was the necessity of preventing oxidation of the dust prior 
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to its mixture with the gold solution. The idea was strongly 
held that efficient precipitation would occur only when the 
dust particles were fresh and uncontaminated by oxida- 
tion products. In fact, small tube mills were used to 
brighten the zinc just before using and successive charves 
of dust were constantly undergoing this treatment in order 
that fresh material might be available for precipitation 
[his feature was embodied in patents granted to one 
metallurgist, who proposed to use a tube mill or other 
grinding apparatus in the precipitation circuit so that the 


Phis 


procedure was adopted because such precipitants as zinc 


mixture of dust and solution should pass through it. 


lust “are rendered less efficient and active by reason of the 


presence of a deterrent coating upon the surfaces of the 


particles thereof, caused in part at least by their well- 


known property of oxidation.” The mechanical removal ot 
the coating of oxide by abrasion was regarded as essential 
to efficient precipitation, because otherwise it must be re 
moved by solution before good contact could be obtained 

It has come about, however, in at least one instance that 
the protection of zinc dust against oxidation by exposure 
to air 1s wholly disregarded, At the Homestake slime plant 
where zinc-dust precipitation was first installed on a large 
scale the dust is exposed to air in shallow pans for periods 
No 


vision is made for subsequently grinding the dust to re 


ranging from several days to a week or more. pro- 


move any coating of oxide that may have formed, and it 1s 
Nor 


a generally 


fed dry to the gold solution and pumped to the press. 
have any ill effects followed this disregard of 
accepted precaution, all of which suggests the probable 
fallacy of the original idea. 

\nother feature of zinc-dust precipitation, which was 
early adopted and later abandoned, was the practice oi 
forming an emulsion of dust and solution which was then 
added to the main body of the latter and pumped to the 
The method usually adopted for forming the 


presses. 


emulsion was to mix zine dust with a small stream of 
barren solution in an inverted cone and to agitate the mix 
ture by a jet of air. The emulsion overflowed from th« 
cone and joined the gold solution on its way to the press 
An investigation into this method of precipitation mad: 
some time ago by Mr. A. J. Clark, metallurgist for th 
Homestake company, led to the condemnation of air agit: 
tion in connection with gold solutions prior to precipitatio! 
the reaction of the carbon dioxide of the air with the lim 
dissolved in the solution, formed calcium carbonate whi 
was found to exercise a genuine deterrent effect on preci 
tation by coating the zinc particles and preventing conta 
with the solution. On the removal of the air-agitated m 
ing cones and the substitution of dry feeding direct to t 
precipitation line the troubles due to lime coating disa 
peared. 

The ill effects of calcium carbonate as first determin 
at the Homestake are now generally recognized and | 
emulsifying cone with its air agitation is no longer in g¢ 


eral use. The original theory seems to be well found 
On the other hand, the « 
posure of zinc dust to the air before using is not yet ¢ 
erally practiced, but it may be only a short time until 


old opinion on this point may be broadly regarded a 


and has not been changed. 


fallacy. 
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The Detailed Pig-Iron Statistics 


Supplementary to the general pig-iron statistics for 1912, 
issued Jan. 30 by the Bureau of Statistics of the American 
Iron and Steel Institute, a detailed statement is made under 
date of May 15, showing the distribution as to grade and 
also the distribution as to condition in which used, the 
latter being a very commendable and interesting improve- 
ment over the presentation of previous years. 

A slight correction (involving about 1,000 tons) is made 
to the total pig-iron production of 1912, placing the figure 
at 29,726,937 gross tons, against 23,649,547 tons in 1911 and 
27,303,567 tons in the best record for a 


Igo, previous 


calendar year. Each year one likes to test the old trade 
dictum that pig-iron production doubles every decade, hence 
we observe that the 1912 production is 1.67 times the best 
production made through 1902, 3.24 times the best produc- 
tion made through 1892 and 6.42 times the best production 
i882. The held 


but has not held good through 1912. 


Zoe vd 
The 


rule easily held good through 1906 but has since broken 


made through rule of doubling 


through 1902, 


down and cannot be reinstated except by extraordinary 
gains in future. 

The statistics of production by grades shows a continu- 
ance of the change shown in recent years, that the pro- 
duction of foundry grades does not increase as rapidly as 
the production of steel-making grades. Despite the large 
gain in total pig-iron production in 1912 the production 
of foundry and ferro-silicon, 5,073,873 tons, was less than 
This 


is a part of the natural evolution whereby if rolled steel 


the corresponding production in 1907, 1909 and I9gI0., 


does not actually supplant cast iron it at least enjoys by far 
the major part of the increased demand as the general use 
of ferrous products increases. 

The production of Bessemer and low-phosphorus iron 
Was 11,664,015 tons against an output of 11,417,886 tons 
of basic iron. The small difference was probably exceeded 
by the production of low-phosphorus iron—limited to 0.04 
per cent in phosphorus—leaving it that the production of 
Bessemer iron—limited to 0.10 per cent in phosphorus and 
invariably made very close to that limit—fell slightly below 
that of basic iron, whereas ten years earlier 5 tons of Bes- 
semer iron were made to 1 of basic. The maximum pro- 
duction of Bessemer and low-phosphorus iron occurred in 
1906, with 13,840,518 tons, and obviously in the present 
order of things that tonnage will stand as record. 

The condition in which iron was delivered for consump- 
tion is reported for the first time, the figures for 1912 


being as follows: 


EE. we cpoctsnetebs cenevesenmes 16,466,722 
EE Rs occ nnws eee sw ckennees ese 6,309,495 
BP ree 6,214,121 
GE OE vibe adbwedecctenenebbobas 726,017 
SPE GROUND bcc soe cvnsnevteees 10,582 
BUR: siedesciencedcctnesiccccooes 29,726,937 


To the blast-furnace manager it may be interesting to 
note that 726,017 tons were “chill cast,” which we under- 
stand to mean simply that the chills were placed by hand 
and were not in a casting machine, representing probably 
a limited demand for chill-cast iron from furnaces which 
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have not found it desirable to install machines, 
lurgist will simply add the “machine cast” to the “chiil cast” 
finding that 6,940,138 tons were cast in chills. It would 
have made the statistics more interesting to report how 
much of each grade was delivered in the different forms, 
but one can make fairly close surmises. We know that all 
chill 


sessemer is sand cast, most of it being used 


basic iron was either molten or cast, and that 


little 


the 
very 
molten and a comparison of figures indicates that nearly 
all the foundry and malleable iron was sand cast. In 
other words, the foundries have not taken to chill-cast 
iron as it was thought a dozen years ago they might. 


lhe 


clusively to the Bessemer converter and the open-hearth 


molten-iron deliveries of 16,466,722 tons were ex 
steel furnace, outside of a limited tonnage delivered for the 
direct casting of ingot molds, whereby it may be taken 
that 16,000,000 tons of Bessemer and basic iron were used 
for steel making out of a total production of about 23,000,- 
000 tons. The steel mills which regularly practice the 
direct metal process must necessarily use some cold iron, 
including “Sunday metal,” iron shipped from detached fur 
naces, broken molds, etc., so that their proportion is more 
than three-fourths of the total steel industry and may 


easily be more than four-fifths. 


This represents a rapid growth in a relatively easily 
practiced economy. 
Shape and Rod Production 

Production statistics of the American iron and_ steel 
rade make their appearance in rather irregular order 
hus early in the year the rail production of 1912 was 


reported, while in the past fortnight the statistics of rods 
and structural shapes have been returned but no statistics 
have yet appeared of steel ingots. 

Rails were reported at 3,327,915 gross tons, a gain of 18 
per cent over Ig1I, but a loss of 16 per cent from the 
record year of 1906; rods are reported at 2,653,553 tons, a 
gain of 8 per cent over 1911, which furnished the record, 
while structural shapes are reported at 2,846,487 tons, a 
gain of 48 per cent over 1911 and of 25 per cent over 1909, 
Thus outputs in the different 


The 


different products contribute quite different proportions to 


the previous record year. 
finished products do not hold well together at all. 
the total in different years. Were it the case that rails, 
rods and shapes furnished the same proportion in 1912 as 
in 1911, three-eighths, the total output of rolled iron and 
steel in 1912 would prove to be about 23,400,000 gross tons, 
against a record output of 21,621,279 tons in 1910 (of which 
1,740,156 tons was rolled iron) but we expect the 1912 total 
when finally reported to be considerably larger than this 
conventional amount. 

The structural shape production in 1912 was extremely 
heavy as compared with previous years, when it is con- 
sidered that the year was not regarded as one of exceptional 
activity in the erection of large bridges and buildings. In 
1906, on the other hand, there was a great deal of such 
work, yet the 1912 tonnage exceeds that of 1906 by 34 per 
From 1892, the first year of structural shape sta- 
tistics, to 1912 there is an increase of 525 per cent: the 


cent. 


tonnage was more than sextupled. 
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New York Hydroelectric Development 
To the Editor of Metal 
oir [There is no 


magnitude can be 


urgical and Chemical Engineering 
doubt that first 


engineering press in pornt- 


a public service of the 
rendered by the 


nsidered 


ing out the ill- nature of the present proposals for 
The 
f these schemes can only result in a reduced 
price of power at the cost of the 
whole To Mr. Pelham due 


for his thorough, albeit somewhat one-sided and prejudiced ex- 


the operation of power plants by the State of New York. 
consummation 
taxpayers of the State as a 
Bolton credit is 


Reginald much 


posure, in his recent book entitled “An Expensive Experiment” 
and reviewed in your last 
of the « 


issue (p. 302), of the actual results 
ype ration oft 


similar schemes in the Province of Ontario. 


It is not clear, however, what good purpose can be served by 


such “economic” arguments as that contained in Mr. Bolton's 
letter to the Electrical World of April 12 to the effect that in 
the cas« Niagara Falls “the financial benefits derived from 


the vast number of visitors who bring to the channels of gen- 
eral trade, as by the 


States Government, an annual revenue 


reported Committee of 


United 


Engineers ap- 
pointed by the 
value of the 
obtained by a more complete utilization of 


$20,000,000" are far greater than the 


uld be 


exceeding 
power that « 
the Falls 

This argument is either unintelligent or insincere; its logical 
strength can be shown by the reductio ad absurdum that, if the 
economic value of anything is to be measured by its power of 
inducing unproductive expenditure, we shall have to conclude 
that prostitution is one of the greatest commercial assets of 
New York State! 

Nor are Mr. Bolton’s 
Niagara power more reliable than his economic logic. 


value of 
Its value 
is only to be measured by a realization of what the products of 


estimates of the economic 


the enormous group of electrochemical industries, which have 
sprung up at Niagara Falls as a direct result of the power de- 
velopment and which constitute a most efficient consumptive 
outlet for the bulk of the power, have done for the advance of 
industry in general. Possibly Mr. Bolton has no such realiza- 
tion; and if this is so, I shall be glad, if he will call upon me 
when his investigating journeys next bring him to this neigh- 
borhood, to see that he gets from men connected with these in- 
dustries some idea of their enormous and far-reaching eco- 
It will further be demonstrated to him by 
the historic method (this ought to appeal to him particularly) 
that without the development of Niagara power the develop- 
ment of these industries would have been set back ten years, if 
indeed it would have been at all possible. 

The trouble with Mr. Bolton is that he is partly an engineer 
and partly a “trustee of the American Scenic and Historic 
Preservation Society.” Niagara Falls is his “King Charles’ 
Head.” Pending his receipt of instruction on the points men- 
tioned above, let him bury it, if possible, when discussing sub- 


nomic importance 


jects to which it has no relation. 
F. Austin Lippury. 


Niagara Falls, N. Y¥ 


The “Thermist” 

To the Editor of Metallurgical and Chemical Engineering: 

Sir: I note with interest in your May, 1913, issue Mr. H. M. 
Boylston’s suggestion to call “thermist” the technical specialist 
in charge of the heat treatment of metals in industrial plants. 
The recommendation seems a happy one to me. The term is 
short and suggestive and infinitely superior to such periphrasis 
as the metallurgist, or metallographist, or metallurgical engi- 
neer, or chemist, or engineer of test “in charge of heat treat- 
ment.” 


There certainly is a growing need and demand for engi- 
neers and metailurgists possessing an expert knowledge of the 
heat treatment of metals and especially of iron and steel and 
capable of applying theoretical principles in a practical and 
effective manner to the daily commercial production of finished 
or semi-finished articles. And may | not seize this opportunity 
to express a thought that has come to my mind more than 
once, namely, that technical schools teaching metallurgy should 
recognize the need and demand to which I have just referred 
by providing in their last year’s curriculum special and prac- 
tical laboratory courses in metallurgical pyrometry and heat 
treatment of metals, subjects which are at present but scantly 
treated ? 
Harvard University 


ALBERT SAUVEUR. 


Simple Rules for Temperature Conversion 


To the Editor of Metallurgical and Chemical Engineering 
Che methods given by Mr. Childs for temperature conversion 


in your May issue (page 230) seem of dubious value. Reduced 
to formulas they are 
5 
(F + 40) -— 40 ( 
rs) 
9 
(C+ 40) —— 40=—F. 
M4 


The old rule seems simpler 


1) 


In view of the enormous waste of brain tissue going on in 
evolving “long cuts” and approximations for metric conversion 
allow me to suggest a rule I have found most satisfactory for 
all such work: Learn the correct formula and use it. 

Donatp M. Lippe. 
Elizabeth, N. J. 





Inverse Weighing of Light Objects on Heavy 
Weight Scales 


To the Editor of Metallurgical and Chemical Engineering: 

Sir :—It oftens happens that one desires to weigh with mod- 
erate accuracy a small object, when only scales for heavy 
weighing are available. On such an occasion the writer con- 
ceived the following method of accurate weighing, which may 
prove useful to others. 

The principle involved is based upon the simple relation of 
the beam weight to the platform weight, which in the scales 
used was one to one hundred, i.e., 1 lb. attached to the sus- 
pended beam weight was just equipoised by 100 Ib. on the plat- 
form. Having adjusted the empty scales to equilibrium, object 
(X) to be weighed was then attached to suspended beam weight, 
and any convenient material (MM) was placed on platform until 
scales were again in equilibrium. Object (X) was then re- 
moved from beam, and the weight of the material (M) deter- 
mined as usual. Then the weight of the material (M), divided 
by 100 equaled the weight of the object (X). 

The beam being graduated to and sensitive to 0.25 Ib., made 
the scale sensitive to 0.04 oz. by this inverse method of weigh- 
ing. Wattace B. Crowe. 

Homestead Steel Works, 

Munhall, Pa. 
























































JUNE, 1913 METALLURGICAL AND CHEMICAL ENGINEERING 


Effect of Power Development on the Canadian Iron and Steel Market 
Falls at Niagara New buying of pig iron and steel products came to almost a 
To the Editor of Metallurgical and Chemical Engmeering complete stop in May, while buyers continued to take full pig- 
Sir: Facing page 64 of Mr. Reginald Pelham Bolton's book iron shipments on old purchases, and in finished steel products 
entitled “An Expensive Experiment,” and reviewed on page = specifications continued at a fair rate, averaging 60 to 75 per 
302 of your May issue, is a photograph with this legend cent. of the current shipments ; 
“The Effect, in Part, of the Expensive Experiment on the \lmost all the mills had accumulations of specifications tor 


Canadian Falls.” (This picture is 





reproduced herewith as Fig. 1.) 
Ihe implication is that the 
rather small amount of water 
flowing over the portion of the 
Falls shown is due to the power 
development. In order to make 
this evidence conclusive it is, of 
course, necessary to make a com- 
parison with a photograph taken 
before the power development 
On the title page of Mr. Bol- 
ton’s book is a list of various 
societies of which he is a member, 
the character of which would in 
dicate that he is a man of strict 
mental probity and scientific at- 
tainment. The first quality would 
exclude the possibility of his hav 
ing deliberately used a misleading 
photograph; the second excludes 
that he should have failed to 





make the necessary comparison 

I send you herewith a _ photo- 
graph showing the same portion 
of the Goat Island end of the 
Canadian Falls. (This is repro 
duced in Fig. 2.) In Mr. Bolton's 
illustration (Fig. 1) may be 
plainly seen a portion of the in- 
take of the Ontario Power Com- 
pany, thus establishing the date 
of the photograph as after that 
power installation, while in the 
photograph I send (Fig. 2) this 
feature is missing, thus establish- 
ing its date as before the power 
installation. This may well be, 
since the photograph I send is 
from a well authenticated nega 
tive by Nielson, at least 20 years 
old 

It will now be interesting to see 
upon which horn of the dilemma 
Mr. Bolton chooses to impale him- 
self 





Fit I GOAT ISUAND END OF CANADIAN FALLS AFTER POWER DEVELOPMENT 
(Reproduced b Photoaraph fron Mr Bolton's Book) 





P. McN. BENNIE. 
Fitzgerald and Bennie Labora- 
tories, Niagara Falls. 
New York. 
The Chapman Engineering 
Company, Mt. Vernon, Ohio, re 
ort considerable activity in the 
as producer field. Among the 
‘cent sales of their standard 10- 
producers are six for the 
yrged St,eel Wheel Company, 
utler, Pa., two for the Railway 
teel Spring Company, Inter- 
cean Works, Chicago Heights, FIG. 2—OLD PHOTOGRAPH TAKEN BEFORE POWER DEVELOPMENT 








l., one for the Carnegie Steel 

mpany, Mingo Works, Mingo Junction, O., two for the finished steel products, some of the accumulations being quite 
ova Scotia Steel & Coal Company, Sydney Mines, Nova large, and as a consequence some mills can stand the reduced 
cotia.. The Bethlehem Steel Company, South Bethlehem, Pa. rate of specifying much better than others. There is disclosed 
rdered six more Chapman producers for open-hearth work. a striking difference between the position of different mills, 
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which seeins clearly ascribable to the difference in sales policies 


last autumn. At that time, when the general buying move- 
ment was in progress, some mills quoted slightly lower prices 
than others, but were very particular as to the character of 
business booked. Others were stiff in their views as to prices 
but very accommodating as to the kind of contract they would 
write. Had demand continued extremely good, the latter would 


have tared the better, but as it is the more conservative and 
painstaking mills have occasion to reflect upon the truth of 
the adage referring to the relative desirability of a bird in 
the hand as against two in the bush. 

Production throughout the iron and steel industry has been 
maintained at the full rate, involving practically record pro- 
duction and shipments. According to all the evidence there is 
no accumulation of finished product in the hands of buyers, and 
apparently therefore the experience of 1910 is not being re- 
peated, when buyers received material simply because it was 
cheap. It is barely possible, however, that such judgment is 


premature There is undoubtedly much low-priced material 
still being delivered 

Che future of the market is altogether in doubt, and particu- 
larly so when it is observed that there is the widest divergence 
in the views expressed in the trade as to when improvement is 
to be expected. The least hopeful view expressed is that next 
year as a whole will be a poor one, there being no opinion ex- 
pressed that a period of years will elapse before recent favor- 
In some quarters an improve- 
While no 


predictions are made, it is probably generally believed, even by 


able conditions are duplicated. 
ment in the early autumn seems to be expected. 
producers themselves,.that another upturn cannot occur with- 
out a decline in prices first furnishing the foundation. 


Pig Iron 

The decline in pig iron prices has been proceeding at a more 
rapid rate than in the early months of the year, prices having 
\v- 
eraging all grades, the rate of decline since early in April has 
been about 75 cents per ton per month, against a rate one-third 
or one-half as great in the first quarter of the year. The de- 
cline has been fairly uniform geographically, but not so as to 
grades, since foundry iron has declined considerably more than 
The latter have not 
market purchases to any extent, but are 
supported in great measure by the heavy deliveries on what 


started to yield fractionally toward the close of December. 


steel making grades, Bessemer and basic. 
been supported by 


are practically requirement contracts, such contracts being en- 
tered into for an extended period, the furnace to keep the 
buyer supplied and the iron to be settled monthly according to 
the disclosed market price for the month. Foundry iron buyers 
are fairly well covered to July 1, few contracts running beyond 
that date, while in quite a number of instances deliveries have 
heen anticipated so that contracts will be filled before July 1. 
Buyers are all holding off until the last moment, but an active 
point must be reached soon, probably before the end of June, 
with prices continually declining and consumers reaching the 
The market is quoted in the following 
figures as closely as can be done, but in some instances there is 
no basis for close quotations and in such cases a price is named 
which it is known could be done, but which in all probability 
could be shaded very materially should definite inquiry be 
made, such cases being indicated by the word nominal: Besse- 
mer (nominal) $17; basic (nominal) $15; No. 2 foundry and 
malleable, $14.50; forge, $14, all at valley furnaces, 90 cents 
higher delivered Pittsburgh or Cleveland; No. 2 foundry, Phil- 
adelphia, $16.75; Buffalo, at furnace, $15.50; No. 2 foundry, 
Cleveland (nominal) $15.25; Chicago, at furnace, 
(nominal) $16; Birmingham, $11.50. 


end of their supplies. 


delivered 


Steel 


\ complete change has occurred in unfinished steel. For 


several months during the winter the mills refused absolutely to 
sell for forward delivery, while brokers, and an occasional 
small mill, offered odd lots for prompt shipment, prices being 
generally about $29 for billets and $30 for sheet bars. 


Buyers 
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could not have afforded to pay similar prices for large tonnages 
for extended delivery, but as none such were offered even at 
those prices, the genera! market, such as it was, had to be quoted 
at $29 for billets and $30 for sheet bars. Early in April lim- 
ited sales began for third quarter, $27.50 being accepted for 
third quarter sheet bars. The prompt market declined slightly, 
but there were two distinct markets, prompt and forward. In 
May the mills began not only to shade third quarter prices, but 
to undertake to anticipate some deliveries, until toward the 
close of the month the June steel offered at third quarter price 
could be considered prompt steel, and the disappearance of the 
prompt market, at a premium, was complete. We quote bil- 
lets at $26.50 and sheet bars at $27, f.o.b. maker's mill, Pitts- 
burgh or Youngstown, with buyers holding off and evidently 
expecting still lower quotations. An interesting feature is that 
the offerings are chiefly open-hearth and it might be impossible 
to obtain Bessemer as cheaply, whereas in the winter Bessemer 
was in better supply and if wanted at all could frequently be 
obtained at a concession from the open-hearth level 


Finished Steel 

The remaining premiums for prompt deliveries of finished 
steel have practically disappeared, though small lots of plates 
sometimes bring $1 a ton advance, and steel bars frequently 
command $1 to $2 a ton, but only in quite smal! tonnages. Reg 
ular prices are not shaded to any material extent, there being 
slight irregularities in pipe and wire. The shading of $2 a 
ton in galvanized sheets noted in April has produced a regular 
market at 3.40 cents, and this price is now sometimes shaded. 
We quote regular prices as follows, f.o.b. Pittsburgh unless 
otherwise stated : 

Rails, standard sections, 1.25 cents for Bessemer, 1.34 cents 
for open-hearth, f.o.b. mill, except Colorado. 

Plates, tank quality, 1.45 cents. 

Shapes, 1.45 cents. 

Steel bars, 1.40 cents, base. 

Common iron bars, 1.65 cents, Pittsburgh; 1.67! 


Phil- 


cents, 
adelphia; 1.57% cents, Chicago 

Wire nails, $1.80 per keg, base; plain wire, 1.60 cents. 

Sheets, blue annealed, 10-gage, 1.75 cents; black, 28-gage, 
2.35 cents; galvanized, 28-gauge, 3.40 cents; painted corrugated, 
28-gage, 2.55 cents; galvanized corrugated, 28-gage, 3.50 cents 

Tin plates, $3.60 for 100-lb. coke: 

Merchant steel pipe, 34 to 3-in 4 per cent off list 

Steel boiler tubes, 32 to 4% in., 70 per cent off list. 

Standard railroad spikes, 1.80 cents. 

Button-head structural rivets, 2.10 cents; 
rivets, 2.20 cents. 


cone-head_ boiler 


The Non-Ferrous Metal Market 


The situation in the non-ferrous metal market since our last 
report is not greatly improved. The price for lead was raised 
temporarily, but reduced again without apparent reason. Spel- 
ter has been unusually dull, with prices tending downward. An 
upward tendency has been noted in copper, and tin has held its 
own. 

Copper.—The market for this metal improved steadily in 
the early part of May. Foreign demand was greatly increased 
by reason of the more settled political conditions in Europe, 
and domestic business also was better. The last quotations are 
Lake 1534, 16 cents; electrolytic 15.55, 15.60 cents. 

Tin.—Domestic consumers have not shown great activity, 
and spot tin has been offered below the importation price. May 
tin is quoted at 49% cents, New York. 

Lead.—Business in this market has been very quiet fol 
lowing the unexpected reduction in price by the American 
Smelting & Refining Company. Recent quotations have been 
unchanged at 4.20@4.25, St. Louis, and 4.30@4.35 cents New 
York. 

Spelter.—This market has been without feature except the 
steady decline in prices and the unwillingness of consumers t 
purchase even at the prevailing low market. The last quota 
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tions are 5.25(@5.30 cents, St. Louis, and 5.40@5.45 cents, New 
York 
Other Metals.—The aluminium market is not active and 


there is little new business. Quotations are 26% cents, New 


York. Antimony has been dull, and quotations have not changed 
much. The last are 7.70@7.79 cents for various brands. The 
market for quicksilver is quiet, with prices unchanged. The 


New York price for flasks of 75 lb. is $39; San 


$38 50 for domestic, and $36 for export orders 


Francisco, 


The Western Metallurgical Field 
Varied Activity in Nevada 
Since the destruction by fire of its cyanide mill over a year 
ago, the Florence Goldfield Mining Company has confined its 
activities wholly to mine exploration work in the hope of de 


veloping new ore which would warrant the rebuilding of the 


mill. This work has been conducted on the upper levels of the 
mine, and no effort has been made to search for ore on the 
lower levels The net result is that sufficient ore has been 


found to warrant a resumption of milling operations, although 


no new plant will be erected at this time. Arrangements have 
heen made with the Jumbo Extension Company to 


its 2% mill, the 


use half of 
Clare. Half of the mill has 
been remodeled, and both companies will treat their ores sep- 
arately 


stamp Bonnie 
Chis arrangement will permit the Florence company to 
treat about 1500 tons of ore monthly, and in the meantime con- 
tinue mine exploration 

A new consolidation is reported to be under way at Ely, 
Nev., Giroux Consolidated, 
Coppermines Company, Butte and Ely, and Chainman Consoli- 
dated 


involving a combination of the 
The Giroux Consolidated is reported to be the nucleus 
of a company witht $8,000,000 capital, in which the various com 
panies will enter on the basis of their present stock issues and 
values. The Giroux is controlled by the Thomas F. 
terests, which in turn controls the Butte and Ely. 


Cole in- 
The other 
two properties are owned by the Gunn-Thompson company. 
It is hoped by the promoters of this consolidation that it will 
prove the means by which the Giroux may be made the success 
it was originally expected to be. At present one section of 
the Nevada Consolidated mill at McGill is devoted to the con- 
entration of Giroux ore. 


The Nevada Cinnabar Company will erect a reduction 
urnace on its property this summer, for the treatment of ore 
from its quicksilver claims. Mine development has been under 
way for some time past, and a sufficient tonnage of ore has 
een found to warrant the erection of a plant to treat 50 tons 
f ore per day 

Idaho 

Phe state law of Idaho requires mining companies to file with 
he assessor complete reports of their production, expenses and 
rofits from annual operations. These reports for 1912 have 
ow been made public, and it appears that the lead mining com- 
inies in the Coeur d'Alene district made a gross production 
ilued roundly at $14,000,000. 
eatment 


The total cost of extraction and 
was $5,678,0co, and the net profit $3,407,000. The 
unker Hill & Sullivan again holds the first rank among Coeur 
\lene companies, having net earnings slightly in excess of 
000,000, which is $300,000 ahead of the next largest producer 
e Stewart made the best showing compared with the record 
IOII, its net earnings exceeding those of last year by 100 
r cent, amounting to $395,000 out of a gross production of $1,- 
500. The Federal M. & S. Company had a gross yield 
lued at $4,645,000, but netted only $653,876. 


Minerals Separation Suit at Butte, Mont 
Che Minerals Separation Company, controlling patents for 
concentration of ores by flotation, brought suit against the 
itte & Superior. Copper Company for infringement by the use 
the so-called Hyde process in its mill at Butte. The case 
is heard in April, but no decision has as yet been handed 
down. The Butte & Superior company has been using flotation 
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for some time, having installed a process patented in the United 
States by James H. Hyde, who, it is claimed, is using the Min- 
erals Separation process. 

The first annual report of the Butte & Superior company 
has been issued, showing that ore blocked out and ready for 
mining and treatment amounts to 1,200,000 tons, containing 21.7 


per cent zinc and 7.9 ounces silver per ton. 


Effects of Depression Felt in Utah 


The general depression in the Western mining industry, first 


felt keenly by Colorado, is now being observed in Utah, and 
steps are being taken to revive an interest in legitimate mining 
in that state 


of those 


[he conditions there are practically a repetition 
lack of 
and consequent failure to discover and open new 


tricts. 


existing in Colorado, namely, a prospecting 
mining dis 


Interest lags among those who have already made money 


in mining, and the commercial clubs of Salt Lake and othe 
cities are considering ways and means for attracting local 
moneyed men back to mining as a business. Salt Lake City 


feels the local depression the more keenly because 1t maintains 
a local 


steadily decreasing 


mining stock exchange, in which activity has been 


The small investor is not attracted to min 
ing stocks, with the consequence that few new companies are 
formed of local men, and the largest operations are carried on 
by foreign corporations which remove the bulk of their profits 


from the state. The general consensus of opinion is the same 
effect that if the 


state is to profit to the greatest extent by mining, then more local 


as that reached in Colorado, and is to the 


money must be expended in the industry. Mining propositions 
must be presented on a sane business foundation, and the pub 


lic encouraged to invest on a business basis 


The May meeting of the Utah Society of Engineers was 
held at Salt Lake City on the 16th ult. Mr. L. M. 
general manager for the Portland Cement Company, of 


Bailey, 

Utah, 
presented a paper on the manufacture and uses of cement. On 
the day following the meeting, the Society visited the plant of 
the Utah company. 


Flotation at the Inspiration 
In this journal for March, 1913, editorial comment was made 
on the fact that the Inspiration management had abandoned 
further work on its proposed new concentrator until experimen 
tal work could be completed on flotation by the Minerals Sep- 
aration process. Since that time, and without waiting for the 


decision of the suit of the Minerals Separation mentioned 
above, the Inspiration company has practically decided to adopt 
the process. The first experimental unit was of 50 tons capac- 
ity only. This has been followed by a plant of 600 tons capac- 
ity, and on the results obtained in this mill the determination 
to build a larger plant will be based. If the results are as 


The 


earliest experiments indicated a saving of from 93 per cent to 


favorable as expected, a 7500-ton mill will be erected. 


94 per cent of the copper in average Inspiration ore, the con- 
This is an excellent 
result, and one believed impossible with copper ores of this 


centrate carrying up to 40 per cent copper. 
character. It may be said that Inspiration is fortunate in de- 
laying its original plans, for in case flotation is adopted the 
original cost of plant will be far less than would have been 
expended for the standard type of concentrating mill 


Company Reports 

Nipissing Mines Company.—The annual report for 1912 
states that the high-grade mill ran continuously and success- 
fully through the year, treating 1752 tons of Nipissing ore 
averaging 2212 oz. silver per ton, and 90 tons of custom ore. 
Bullion shipped amounted to 4,258,641 oz. A sampling plant 
was added and a blast furnace installed in the refinery for the 
reduction of slags, flue dust and precipitate. A new reverbera- 
tory furnace was built for refining the precipitate from the 
low-grade mill, so that practically the entire silver product of 
the mine is now shipped as bullion over 997 fine. 

The low-grade mill was completed in 1912, but was not in 
full operation until 1913. During February, 1913, the mill 
handled over 200 tons ore per day. A feature of the practice is 
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dust. 


aluminium 
after drying, contains 93 per cent silver, and can be melted 


precipitation of silver on The precipitate, 
bullion 999 fine in one operation. The total cost of the mill and 
accessory plant was $324,650, and it is expected that this cost 
will be returned in six months. Sufficient ore is in sight to keep 
the mill running at present capacity for 2% years. 

Porphyry Copper Companies.—The annual reports of the 
Utah Copper Company, Ray Consolidated Copper Company, 
Nevada Consolidated Copper Company, and Chino Copper Com- 
take the 
data, conveniently arranged for comparison: 


pany, have been issued, from which we following 





Ray Utah Nevada Chino 
Mill capacity, tons per day 8.000 21,000 8,000 6,000 
Ore reserves 1 82,904,368 337,700,800 38,853,551 90,000,000 
Copper in rese 2.19 1.5 1.67 1.8 
Ore milled, tons 1,565,875, 5,315,321) 2,852,515, 1,120,375 
Copper in ore milled, % 1.68 1.36 1.692 2.077 
atio of concentrati ‘ 9.09 16.56 
Copper i entrate, “| 18.95 20.75 10.49 21.20 
Extraction 68.28 66.32 68.25 61.63 
Cost of milling, cents per ton 46.88 41.58 58.57 
Copper produced, Ib 35 861.496 96,175,090 63,063,261 28,684,208 
Cost copper per! ent 9.83 9.02 8.86 7.69 


Boston Meeting of the American Institute of 
Chemical Engineers. 


Che sixth semi-annual meeting of the American Institute 
of Chemical Engineers will be held in Boston, Mass., from 
June 25 to 28. All the professional sessions will be held at 
the Engineer's Club. 

On Wednesday, June 25, a business session will be held 
at 9:30 a. m., which- will be followed by the reading and dis- 
cussion of the following papers: 

Effect of climate on plant location, by 
Booth. 

The power plant, by Mr. Barker, of Arthur D. Little, Inc. 

Relation of the manufacturer to the patent system, by Dr. 
William M. Grosvenor. 

In the evening of Wednesday a session will be held at 8 
o'clock devoted to the presidential address of Dr. T. B. Wagner 
and a paper on general efficiency in dye houses and bleach 
houses by Dr. Louis J. Mathos. 

On Thursday, June 26, an evening session will be held de- 
voted to the reading and discussion of the following papers: 
Depreciation and obsolescence, by Mr. Richard K. Meade. 
Some peculiar functions of the retained expert, by Dr. Wil- 

liam M. Grosvenor. 

Legal control of dangers to health in factories, by Dr. Charles 
F. McKenna 

On Friday, June 27, an evening session will be held at 8 
o'clock, devoted to the reading and discussion of the following 
papers 


Mr. William M. 


Import duties on chemicals and their influence on the chemi- 
cal industry, by Dr. F. W. Frerichs. 

The drying of linseed oil and red lead with special reference 
to painting steel, by Dr. J. C. Olsen and Mr. A. H. Callaghan. 
This will be followed by the final business session. 

The program of visits and excursions is very full. 
afternoon of 


In the 
Wednesday an excursion will be made to the 
works of the Hood Rubber Company, at Watertown (manufac- 
turers of rubber shoes, automobile tires, etc.). Alternate visits 
have been arranged for the same afternoon to the U. S. Ar- 
senal at Watertown and to the laboratories and experimental 
paper mill of Arthur D. Little, Inc. 

On Thursday morning a train will take the members to 
Lawrence, Mass., where two parties will be formed to visit the 
Pacific Mills (cotton goods and prints) or the E. Frank 
Lewis’ Wool Scouring Establishment. In the afternoon a visit 


will be paid to the works of the Russell Paper Company (wood 
pulp by soda and sulphite processes, and manufacture of book 
and print paper). 

For Friday an all-day excursion on a special ocean-going tug- 
boat has been arranged as follows: 


The party will be first 
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taken to the New England Gas & Coal Company, Everett, 
Mass. After the inspection of this plant the party will be taken 
to Marblehead, Mass., where dinner will be taken at the East- 
ern Yacht Club. On the return trip of the boat to Boston a 
stop will be made at the new power plant of the Boston Ele- 
vated Railroad if time permits. 

On Saturday an excursion will be made to Providence, R. L., 
where two parties will be formed to visit either the works of 
the Gorham Manufacturing Company (silversmiths and gold- 
smiths, plated ware, bronzes, etc.) or the plant of the United 
States Finishing Company 
bleaching dyeing, printing). 

Dr. J. C. Olsen, Polytechnic Institute, Brooklyn, N. Y., is 
the secretary of the American Institute of Chemical Engineers. 


(large cotton finishing plant, 





International Engineering Congress at San Fran- 
cisco, 1915 
In connection with the Panama-Pacific International Exposi- 
tion which will be held in San Francisco in 1915, there will be 
an International which 
throughout the world will be invited to participate. 
The Congress is to be conducted under the auspices of the 
following five societies: 


Engineering Congress, in engineers 


American Society of Civil Engineers, 
American Institute of Mining Engineers, The American So- 
ciety of Mechanical Engineers, American Institute of Electrical 
Engineers, and The Society of Naval Architects and Marine 
Engineers. 

These societies, acting in cooperation, have appointed a per- 
manent Committee of Management, consisting of the Presi- 
dents and Secretaries of each of these Societies, and eighteen 
members resident in San Francisco. 

Thus constituted, the personnel of the committee is as fol- 
lows: For the American Society of Civil Engineers: Geo. F. 
Swain, president; Chas. Warren Hunt, secretary; Arthur L. 
Adams, W. A. Cattell, Chas. Derleth, Jr., Chas. D. Marx. 

For the American Institute of Mining Engineers: Charles 
F. Rand, president; Bradley Stoughton, secretary; H. F. Bain, 
Edw. H. Benjamin, Newton Cleaveland, Wm. S. Noyes. 

For the American Society of Mechanical Engineers: W. F. 
M. Goss, president; Calvin W. Rice, secretary; W. F 
R. S. Moore, T. W. Ransom, C. R. Weymouth. 

For the American Institute of Electrical Engineers: 
Davenport Mershon, president; F 
G. De Remer, A. M. Hunt. 

For The Society of Naval Architects and Marine Engineers: 
Robert M. Thompson, president; D. H. Cox, secretary; Geo. 
W. Dickie, W. G. Dodd, Wm. R. Eckart, H. P. Frear. 

The committee has effected a permanent organization, with 
Prof. Wm. F. Durand as chairman, and W. A. Cattell as sec- 
retary-treasurer, and has established executive offices in the 
Foxcroft Building, 68 Post Street, San Francisco. 

The ten members of the committee, consisting of the presi- 
dents and secretaries of the five national societies will consti- 
tute a Committee on Participation, through whom all invitations 
to participate in the Congress will be issued to governments, 
engineering societies, and individuals. Mr. Chas. F. Rand is 
the chairman and Mr. Chas. Warren Hunt the secretary of this 
committee. 

The papers presented at the Congress will naturally be 
divided into groups or sections. During the Congress each 
section will hold independent sessions. 

“The scope of the Congress has not as yet been definitely de- 
termined, but it is hoped to make it widely representative of 
the best engineering practice throughout the world.” 


Durand, 


Ralph 
. L. Hutchinson, secretary; J. 





Importations of graphite largely exceed domestic produc- 
tion, according to the 1912 figures of the Geological Survey 
The imports in 1912 amounted to 25,643 tons, valued at 
$1,709,337; domestic production of natural graphite, 2455 tons, 
valued at $207,033; production of artificial graphite, 6448 tons 
valued at $830,193. 
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Award of the Willard Gibbs Medal to Dr. 
L. H. Baekeland 


Reception and Banquet 


rhe presentation of the third Willard Gibbs medal to Dr. 
H. Baekeland of Yonkers, N. Y., formed the occasion tor 
Hotel 


arrangements for the 


Leo 


a congratulatory banquet at the Sherman in Chicago 
on May 16 Che 
banquet were under the auspices of the Chicago section of the 


Mr. William A. 
founder of the Willard Gibbs medal, was present at the ban- 


entertainment and 


American Chemical Society. Converse, 


quet. The medal is awarded each year te a man who has 
gained pre-eminence in chemical research 

Preceding the dinner was a reception, which afforded the 
younger chemical fraternity an opportunity to meet some of the 
most distinguished educators and industrial chemists of this 
country. About 150 ladies and gentlemen were present 

After the reception the guests repaired to the Louis XVI 
room to inspect the exhibit of the bakelite products which 
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in fact one of the most illustrious chemists of this country. 


‘The man who accepts a medal takes upon himself a heavy 
responsibility. Like the man in the story, he places himself in 
the hands of his friends in a most absolute way. There 1s 


no relief or rest for him from the time he arrives in town until 


he is safely aboard a train and on his way home. There is 
every likelihood of his being over-entertained and over- 
feasted. But worst of all people inquire what he has done to 


merit the award and look up his record as though he were a 
politician of another party. And by accepting the medal and 
placing himself at the mercy of his friends he may even have 
to sit patiently and listen to a recital of some or all of his 
scientific labors and results and appear to be at ease. Dr. 
Kaekeland, I hope you will be able to bear the worst that is to 


Where the 


the work has been well and permanently 


come with fortitude and a_ smile. record is 


clear, where done 


there should be no embarrassment to the doer in the admiration 
of his friends. In such work a man may most properly show 
his pride without fear of the charge of egotism 


rhe needs of the world increase with the age of the world. 





were displayed on tables. The It was not long ago that people 
room was specially decorated — got along very well without 
with American flags Charts railroads and steamships, auto- 


bearing graphic representations 


of chemical 


compounds, which 


require the use of polysyllabic 
them in 
nomenclature, lent a 
color to the meeting 
which was much in keeping with 
the profession 


names to designate 
chemical 


distinct 


represented at 
the banquet. 

There was a most interesting 
display of the 
which 


many articles 
been made from 
bakelite, illustrating the wonder- 
fully manifold applications which 
these new 
soluble 

products 
applications 


have 


infusible and in 


phenolic condensation 


have found. These 


vary from. cigar 


holders to switchboards for bat 





tleships; from grind-stones to 


self-lubricating bearings: from 


the most effeminate jewelry to 
acid pump valves; from brass 
bedstead lacquer to phonograph 
billiard balls to 


automobile magnetos; from un- 


records; from 
breakable dolls to electrical ma- 
chinery; from buttons to news- 
paper stereotyping matrices. 


a c. & 
Following 


the banquet, Pro- 
fessor Julius Stieglitz, chairman 
of the Chicago Section of the American Chemical Society, ad- 


“The 


which 


address, which was on 
that the 


presented to 


dressed the guests. In _ his 
Willard Gibbs Medal,” he 


were awarded previously 


said two medals 


were pure chemists; 


that is, to men occupied entirely in theoretical science—Svante 
Arrhenius and Theodore W. Richards 


that 


This is the first time 


the medal has been awarded to a man pre-eminent in 


applied chemistry 
Presentation Speech of Dr. W. D. Richardson 


Dr. W. D. Richardson in presenting the Willard Gibbs medal 
to Dr. Baekeland spoke in part as follows: 

“We have gathered here to-night in the 
services of one who has materially aided human progress, and 
in adding to the sum of knowledge has increased the sum of 
human happiness. To emphasize or memorialize this recogni- 
are to present our guest of honor with a medal, 
founded by Mr. Converse, and named in honor of Willard 
Gibbs, who, although known as a mathematical physicist, was 


rece yenitic m of 


tion we 
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not long 
ago that they got along without 


mobiles, and air ships; 


the tungsten, arc, carbon-fiia- 


ment and mercury-vapor lamps; 


without gaslight and kerosene 
light—indeed, it was only 100 
years ago that there was no 


stearic acid candle! and the ani- 
mal and vegetable fats and oils 
were used for illumination. The 
chemical inventor of 
fills a 
does an old 


to-day 
as often as he 
may 
even create a want where there 


new want 


one. Or he 





was none before.” 


Dr. Richardson then outlined 


the wonder fully successful 
work of Dr. Baekeland in three 
different chemistry. 


First, in the field of photo-chem- 


fields of 


istry he invented the develop- 
ing-out paper or gaslight paper 
and thus revolutionized photo- 


“Vel a 


felicitious 


graphic print making. 


was the very name 
the 


same velox made by the Eastman 


applied to invention—the 
Company to-day and known to 
all photographers. 

Second, in electrochemistry 
Dr. Baekeland perfected 
Townsend cell for the manufacture of electrolytic alkali and 


the 


chlorine which is now in commercial operation at the works of 
the Hooker Electrochemical Company at Niagara Falls, N. Y., 
and 
within a year the capacity is to be increased to 64 tons per day. 
of Elberfeld adopted the 


where 34 tons of caustic soda are manufactured daily 


Recently the Farbenfabriken has 
Townsend cell in its works. 

Dr. Baekeland’s last, and as he looks upon it, his most 
portant work has been in the field of organic chemistry, 
and manufacture of condensation 
products of phenol and formaldehyde. At present the product 
bakelite is worked up in twenty-four different industries. In 
the button industry alone about one thousand workmen are em- 
ployed on the product. 

Dr. Richardson then continued: 

“But if I were asked to sum up in a few words the genius 
of Dr. Baekeland I should say that it is comprised in his ability 
to follow an idea to its conclusion. In the case of each of his 
discoveries he has not been satisfied with the mere discovery, 


im- 
and 


consists in the invention 
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however important it was; but in every instance he has carried 
—from the laboratory to the 
factory and from the factory to the public. 
this entails 


his work to a practical conclusion 
Let us see what 


In the first place a man must have faith in his idea; not 


nly that 


but faith in himself. Then he must have the scientific 
knowledge and technical skill necessary to carry his discovery 
through the laboratory stages and to the small manutacturing 
this the 


started in operation 


stage Following larger factory must be built and 


In the meantime, if the inventor’s future 


rights are to be protected, the inventions must be carried 


through the patent offce—a matter of no small importance 


Then the 
directed 


ind requiring no small amount of information 


company must be organized and capitalized and 


linally, if the inventor is to be completely successful, he must 
e a good publicist in order to bring his discoveries before th« 


reat consuming publi In all these departments of activity 
’r. Baekeland stands pre-eminent 

\nd now, having exposed thus briefly the splendid record 
f our guest, in this barefaced fashion, before him and you 
with the fortitude—| 
iave only the duty left of presenting the Willard Gibbs medal 
“Dr. This medal add 


ichievements work and your inventions have already 


n ordeal which he has borne utmost 
Bae keland: 


Your 


received their merited recognition by your scientific colleagues 


can nothing to your 


But in 
with this medal the Chicago Section of the American Chemical 


ind by the world of practical affairs presenting you 
Society not only desires to give recognition to your discoveries 
nm a very special way, but more than that, to link 
those of the 
\rrhenius, 


your name 


with famous men who have preceded you 


Richards, and the one after whom the medal is 


Willard Gibbs, as well as 


follow you in after years 


named, with many more who will 


founder, Mr 
Willard Gibbs 


“In the name of the Chicago Section and the 


Converse, I now present to you the third 
medal.” 
Dr. L. H. Baekeland’s Address on the Chemical Constitution 
of Resinous Phenolic Condensation Products 
Dr. Leo 


words of thanks, and with the modesty which is so character- 


H. Baekeland replied with a few gracious felicitous 


istic of the man said that “friendship and good feeling often 
bring about an alteration of good judgment.” 

interesting 
Phenolic 
theoretical 


Dr. Baekeland then presented a long and very 
address on “The Chemical Constitution of Resinous 


Condensation Products,” dealing with the purely 
Only an abstract of this address can be 


He pointed out that the study of the chemical 


side of the subject. 
given here. 
reactions involved in these processes is, by no means, an easy 
ene. Bodies of a resinous or colloidal nature, which neither 
crystallize, nor melt, nor distill, nor dissolve, do not belong to 
the class of substances easy to purify nor to be studied with 
some hope of accuracy. 

By conducting the action of formaldehyde on phenol under 
suitable conditions, a very clean-cut reaction takes place, giving 
the simplest phenolic condensation product, oxybenzylalcohol 


1 saligenin. In this case, formaldehyde reacts as methy- 
lenglycol. 
P wr 
Hy OH HO ( Non 
| ™~ | 
a wo Ce = H20 + 
HO 
Wn Qe 
H 
[ Saligenin or 
Orthoxybenzylaicohol 


In this same reaction, more or less large amounts of paraoxy- 
benzylalcohol are formed at the same time. But saligenin or 
oxybenzylalcohol is very easily disturbed by dehydration, and 


then changes into a resinous mass. This dehydration can 


occur by simple application of heat, and is much hastened by 
the presence of strong acids or other chemical agents. 


This 
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is the 
oxybenzylalcohol, low temperature and general careful treat- 


reason why in the processes of the preparation of 


ment are essentia!. 


Unless such careful precautions be observed, the reaction 
gets beyond control and resinous bodies are sure to be pro- 
This is especially the case 


duced in predominant quantity 


when strong acids are used as condensing agents; but even 


Baekeland 


laboratory, in establishing the presence of noticeable quantities 


under such conditions Dr has succeeded, in his 


of oxybenzylalcohol. In the process of preparation of phenol- 


alcohols, the conditions of procedure and necessary precautions 


are, therefore, widely different from those required in the 
production of synthetic resins. 

The resinous dehydration products, derived from _ phenol- 
alcohols, are known and have been described long ago as 


saliretin products. Some have proposed a chemical structural 


formula for these products. For instance, it has been assumed 
first 
as follows: 


that the dehydration product, disaligenosaligenin, 1s 


formed 


OH HO -CHa 
aden Cee 

CH. OH H'0 

OH HO - Ch, 

4 \ 

~ H20 + Ces - CH2 - QO - Cea 
(Di-) Saligenosaligenin 
In the same way a trisaligenosaligenin and a_heptasali 


genosalizgenin are formed 


However attractive all such formulas may appear to en 
thusiastic novices in organic chemistry, the sobering fact re- 
mains that every one of above mentioned substances is of a 
highly resinous nature. Whether their constitution is as simple 
as indicated by above formula, is a mere matter of conjecture 
\ll that 
‘ xybenzylalcohol, by a process of dehydration, loses water and 
into ill-defined 


generic name of saliretins. 


can be stated wiih any degree of certainty is that 


turns resinous bodies designated under the 


To try to establish nearer the structural constitution of their 
molecules, is out of the question. That the gradual elimination 
of water should decrease the fusibility of these bodies and ac- 


centuate their insolubility, seems almost self-evident to any 
chemist and requires no further explanation. 
Dr. Baekeland discussed at considerable length the work 


fusible soluble condensation 
All these fusible, soluble phenolformaldehyde resins 
described by Blumer, Delaire, Lebach, Knoll-Wetter, Bayer & 
Co., Aylsworth and others, have practically the same chemical 
and physical properties, differing only in minor details by the 
way in which they are prepared and by the more or less large 
amount of free phenol they may contain. Dr. Baekeland had 
proposed heretofore to designate all these relatively simple 
fusible soluble phenolic condensation products under the 
generic name of Novolac or they may just as well be called 
fusible saliretin products. 


done by many investigators on 


products. 


From different sources many attempts have been made as far 
back as 1902, to utilize these soluble artificial resins, as shellac 
substitutes, or as substitutes 
manufacture of varnish. 


for other natural resins in the 
In this respect they were of 
interest, a few years ago, when the market price of 
was unusually high. 


special 
shellac 
But it seems that none of these products 
has fulfilled the expectations of industrial use. 

Nowadays, the main importance of these shellac substitutes 
resides in the fact that they bear an immediate relationship to 
another class of bodies, the so-called infusible insoluble 
phenolic condensation products, which have been designated by 
such names as bakelite, resinit, 
Lebite called resites. 

The second part of Dr. Baekeland’s address dealt with the 
chemical constitution of these infusible condensation products 


condensite, and which Dr. 
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of maximum hardness and resistivity. He pointed out that the 
very fact that these bodies are infusible and insoluble, and that 
they are characterized by a much more pronounced chemical 
and physical inertness than the so-called Novolak resins or 
saliretin products, makes it still more difficult to study their 
chemical constitution. 

All that can be said now with some probability is this: 

First, that these bodies are phenolic condensation products 
of formaldehyde, or of equivalent methylen-group-containing 
substances, this condensation process having for result a corre- 
sponding enlargement of the so-called carbon nucleus of the 
molecule 

Furthermore, it is a well-accepted fact that in these reactions, 


formaldehyde can be replaced by its equivalents ; 


methylal, methylenacetate, hexamethylentetramine, the polymers 


many 
f formaledhyde, paraform, etc., have all been tried with suc- 
cess. Even products like monochlormethylether may lend their 
methylene-group in reacting with phenol and form hard, in- 
soluble condensation products. 

Secondly, that after the 
place, polymerization sets in, with the result that the molecules 


so-called condensation has taken 
of the condensation product form by aggregation or regroup 
ing so-called polymerized molecules of much higher molecular 
weight; and the chemical and physical dynamics of these en- 
larged polymerized molecules are proportionately lessened. 
Chis at once explains the higher specific gravity and contrac- 
tion of the polymerized product as well as the greater inertness 
or resistivity. 

This also explains why many other aldehydes or phenolic 
substances may react with another and give condensation prod- 
ucts, and yet not undergo further polymerization, and on this 


ccount, do not possess the properties of hardness, strength 


and resistivity, which here lend special technical value 

If we go bevond these mere general theoretical conceptions 
and try to interpret the intimate chemical constitution of these 
bodies in about the same way as we are able to do with the 
relatively much simpler crystalline or volatile organic com- 
pounds, then our flights of fancy are justified to take as well 
ne direction as another, because our flying machine brings us 
in zones where readable charts, etc., are unavailable. 

Dr. Baekeland reviewed the different hypotheses which have 
wen proposed in succession, the first one by himself in 1909, 
when he proposed the constitution as oxybenzylmethylenglocol- 
anhydride or hexasaligenosahgeninmethylenglycolether. This 
simple way of interpretation has the advantage that it accounts 
for the possible existence of any number of similar bodies 
nade with a varying proportion of formaldehyde. For in- 
the possibility of imagining that a product 
is derived from more than six molecules of 


stance, it leaves 
may exist which 
xybenzylalcohol and one molecule of methylenglycol, which 
then would show less chemical resistivity. In the same way, it 
illows to conceive varieties of the same product with a smaller 
umber of molecules of phenol-alcohol entering into reaction 
with one molecule of formaldehyde or methylenglycol. 
Numerous facts point to the existence of such modified 
odies of which the chemical and physical inertness increases 
vith the lesser amount of molecules of phenol-alcohol, which 
nter into reaction with one molecule of methylenglycol; or to 
put it simpler, of which the resistivity increases with the larger 
nount of formaldehyde, which reacts with a given amount 
phenol 
Dr. H. Lebach called attention to the existence ef a con- 
nsation product resulting from the action of one molecule of 
ethylenglycol (formaldehyde) on disaligenosaligenin. 
r 


( HiO- CHa - Of 
‘HO! HO: 


-<--4 Leng 


CgH,——CHe .0.CgHg.CH> 





O—Ci.— 
-—o—CH,-0-— 
= 2'H,0 + Cety CH2.0.CeH,.CH, 
Disaligenosaligenin = Methylenglycolether 
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The latter corresponds, in practice, to condensation prod- 


from the direct reaction of two molecules of 


phenol on three molecules of formaldehyde. 
Dr. Baekeland then discussed at some length the hypothesis 
of Dr. F. Raschig, who has taken up the subject from quite a 


ucts resulting 


different point of view and has tried to show the possible re 
lationship of these infusible condensation products with diphe 
nylemethan derivates. 


Dr. Raschig supports the opinion that the first and simplest 


stages in the reaction are the formation of ortho- and para- 
oxybenzylalcohol. He points out, however, that in case 
paracresol is used a well-known dialcohol phenol may be 
formed by further action of one molecule of formaldehyde 
OH 
[ 
HO CH, - ~CH,0H 
N\ 
CH; 
which again on heating sets free formaldehyde In the case 


of phenol, the first resulting phenol-alcohol may react on a 
further molecule of phenol and give dioxydiphenylmethan 
either with 


another 


Or one molecule of phenol-alcohol may react 
another molecule of the same phenol-alcohol, or of 
phenol-alcohol, and produce, for 


methan with a carbinol group, and all these reactions may oc- 


instance, a dioxydiphenyl- 


cur simultaneously. Such a new phenol-alcohol may react on 
another molecule of phenol, and this condensation process may 
continue still further. 

Dr. Raschig calls attention that the phenol-alcohols when 


reacting on phenol may produce at least three different isom- 


—_  . » i - 4... POW 
OH 
Ho< > -CHe- <> 
OH OH 
< >» -cHa- <> 


and that by further proceeding steps in the reaction the num- 


eric be dies 4 


ber of possible isomeric bodies and different compounds en- 
gendered by them becomes so limitlessly large that we know 
of no scientific methods which would enable us to identify 
them all. 
phous character, as well as the valuable technical qualities of 


Commenting on this fact, he states that the amor- 


the end products, are probably due to the great variety of the 
different bodies which are all contained therein, including, at 
the same time, extraneous bodies like free phenol, etc. 

Further, Dr. Raschig seems to infer that the production of 
the soluble variety condensation products is merely determined 
by the relative amounts of phenol and formaldehyde, and he 
argues that in case insufficient formaldehyde be used, a mix- 
ture of the three isomeric dioxidiphenylmethans should be the 
result, while if more formaldehyde is present, then the corre- 
sponding phenol-alcohols of those dioxydiphenylenmethans will 
be formed; the latter can react further upon another and in 
this way build up a much larger molecule which accounts for 
the insolubility and great resistivity of these large molecules, 
of which the dynamics are correspondingly decreased. 

Dr. Baekeland expressed the opinion that this theoretical 
interpretation only holds good to a certain extent. While it 
is possible, and even probable, that some of the bodies men- 
tioned by. Dr. Raschig, exist in the first phases of the reaction, 
or may exist in the final products together with an endless 
variety of other chemical individuals, we know next to noth- 
ing of the relative importance thereof, whether they exist as 
traces or whether they play a fundamental role. 

Further, Dr. Raschig seems to overlook the very important 
and well-established fact that the nature of the condensing 
agent has an enormous influence on whether fusible or in- 
fusible products will be formed. For instance, it is known 
that if we operate in presence of small amounts of bases, in- 
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fusible condensation products will be the result whether we 
use an excess of phenol or not. 

Dr. Raschig has outlined some further theoretical inter- 
pretations from the standpoint of the assumption that diphe- 


nylmethan derivates are the main products in this process. He 


has shown for instance, how under certain conditions, a body 
may be conceived which he calls bakelite I: 


OH OH 
~\ 
CH,0H ° { 
Cie Hyp + 2Hg 
( 
Day 
OH OH 
and then again another body resu‘ting from a larger propor- 
tion of formaldehyde, 
OH OH 
HCOH2 ()CH20H HOCH, \CH,0H 
CHe CH, 
HCOH2 \/ —CH,0H HOCH, \/CH20H 
OH OH 


OH OH 
HOCH,A\— CH, 0 CH20H 


=2CH,OH+ CH, CH, 


HOC He 0 CH, 4] CH20H 


which after dehydration gives a molecule which Raschig calls 


bakelite I] 


Dr. Baekeland concludes that much as these speculative 
considerations presented by a scientist of reputation, may be 
able to give food for thought, we must not forget that one 
hypothesis is about as easy to propose as another as long as 
we are unable to use any of the methods for determining mole- 
cular size and molecular constitution. 

Lately Wohl has advanced a radically new hypothesis which 
considers these bodies as polymerization products as methy- 
lenederivates of the tautomeric phenol. 

In whatever theoretical speculations we engage on this sub- 
ject, we must not lose sight of the fact that the nature of 
the condensing agent may have an enormous influence on 
the way the reaction takes place, even if at the end the products 
may look very much alike and be more or less identical. 

For instance, when an acid condensing agent is used the 
process seems to proceed very differently from what happens 
when alkalies are used. Then again, when ammonia is used, 
the reactions which succeed each other seem to be quite dif- 
ferent. In the latter case they can be followed to quite an 
extent (Lebach). 

For instance, every chemist knows that ammonia, on acting 
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on formaldehyde produces immediately hexamethylentetramine 


ri elaaie 


In the same way, if ammonia be added to a mixture of 
phenol and formaldehyde, the same hexamethylentetramine is 
formed independently whether the phenol or the ammonia is 
added first or last. In presence of the phenol, one molecule 
of hexamethylentetramine adds to three molecules of phenol 
and gives: 

C. H,, N,, 3C, HOH 
hexamethylentetramintriphenol 

Under the action of heat this latter substance decomposes 
and sets free large amounts of ammonia gas, leaving finally 
a hard infusible body. But the ammonia can act immediately 
on new amounts of formaldehyde and repeat the same reac- 
tion so that a small amount of ammonia is sufficient to act 
as catalytic agent for all the formaldehyde present, and to 
carry on the whole reaction to the finish, after which free 
ammonia is found in the product. 

The general reaction seems to be the same whether ammonia 
and formaldehyde be used in conjunction with phenol, or 
whether phenol be made to react directly on hexamethylente- 
tramine or whether hexamethylentetraminetriphenol be de- 
stroyed by heat. In the latter case, however, the so-obtained 
product is very porous and does not present a sufficiently 
homogeneous colloidal mass as required for technical pur- 
poses. On this account the use of a somewhat larger amount 
of phenol or other suitable similar body becomes imperative 
su as to obviate this defect. Hence some excess of phenol or 
suitable solid solvent will accomplish technical results which 
are not otherwise possible when hexamethylentetramine is used 
alone. 

Dr. Baekeland showed a cylindrical tube made of bakelite 
which was ruptured longitudinally. The fracture was so reg- 
ular that it shows that bakelite is not a heterogeneous sub- 
stance. 

Dean James R. Angell of the University of Chicago, en- 
tertained the guests by the remarks which he made concerning 
the points which he said he had absorbed as an experimental 
psychologist from Dr. Baekeland’s technical paper. In a more 
serious frame of mind he said that the attitude of the chem- 
ical departments of American universities toward industrial 
chemistry are too harshly criticized. He added that it is only 
by applying the mind to the highly theoretical phase of the 
science that the student can set himself on an unbiased plane 
furthering the development of chemistry. 

Prof. George B. Frankfurter of the University of Minne- 
sota, gave a short talk and expressed his pleasure at being 
able to attend a ceremony in honor of Dr. Baekeland. 

The jury of award which selected Dr. Baekeland as _ the 
third Willard Gibbs Medalist comprised Prof. Alexander 
Smith, Dr. W. R. Whitney, Dr. E. C. Franklin, Prof. W. A 
Noyes, Dr. J. D. Pennock, Prof. G. B. Frankfurter, Prof 
John H. Long, Prof. Julius Stieglitz, Dr. William Brady, Mr 
k. B. Bragg, Mr. S. T. Mather and Dr. G. Thurnauer. 


Electroplating with Trisalzt is the title of an interesting 
little pamphlet explaining the advantages of trisalzt (a metallic 
triple salt) for electroplating and giving directions for prepar- 
ing electrolytic baths with trisalzt. Recipes are given of cop- 
per baths, brass baths, bronze baths, zinc baths, gold baths and 
silver baths. 


Graphite for the Boiler is the title of a booklet just pub- 
lished by the Joseph Dixon Crucible Co. This booklet deals 
with no new discovery, for graphite has been sold to remove 
scale from boilers for many years. It simply states in as few 
words as possible why Dixon’s boiler graphite does its work. 
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Evolution of Methods of Handling Slime.—III 


AUSTRALIAN PRACTICE. 
By H. N. Spicer. 
In the limited space of a short review, such as this series of 
articles is designed to present, it will be impossible to give more 
general description of the varied methods of 


than a very 


handling slime in such a large country as Australia. Diverse 
metallurgical processes are employed, and the slime problem 
districts. In Broken Hill, New South 


Wales, for example, it is concerned with the concentration of 


varies in the different 


lead-zinc ores, while in Kalgoorlie, Western Australia, it re- 


lates to the cyanidation of gold ores. In one respect, however, 

















FIG, I.—-BROKEN HILL PROPRIETARY 


CONCENTRATING MILI 


the problem in all the districts has a common factor, viz., the 
conservation of water. Over practically the whole of Australia 
the water question is a serious one, and especially so in the 
mining districts, nearly all of which are situated at the edge 
of the great central desert. All sorts of schemes and devices, 
therefore, are adopted to recover water, this being quite as im- 
portant as the saving of slime, or its proper preparation for 
treatment 
General Conditions at Broken Hill. 

Broken Hill is the largest mining camp in Australia, and 
generally recognized as the home of flotation processes; but 
despite the acknowledged leadership of Broken Hill engineers 
in this branch of metallurgy, it is only recently that they have 
dopted methods of handling slime that are 
idern and efficient. 


recognized as 














2.—TYPICAL SLIME DAM 


AND SETTLING BASIN AT THE BROKEN 
HILL PROPRIETARY 


1¢ Broken Hill mines extend for a little more than three 
m s along the same line of lode, forming an isolated and 
cc pact mining camp. To the casual observer it might appear 
all the mills are using the same metallurgical methods, but 
in -eality no two mills are identical in process or operation, 
Ov og to the widely varying physical and chemical properties 
ot ‘he ores. Some mechanical features of the practice, how- 
tvcr. are common to all mills. Gyratory rock breakers and 
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rolls are generally used for crushing. —Trommels are used for 
coarse screening, and revolving screens of the King type for 
For fine grinding the Australian pan, and ball and 
Huntington mills are usually adopted. 


tried in more than one plant, but does not seem to have found 


finer work. 


The tube mill has been 


favor. Jigs of the Hancock and May types predominate, as 


does the Weir-Merideth concentrating table which was pro- 
duced by two of the leading engineers of the camp. The pre- 
vailing type of slime concentrator resembles a [rue vanner, 


and is also of local production. Hydraulic classifiers of one 


sort or another are in general use. 


Necessity of Sand-Slime Separation. 

One of the recognized requirements for successful flotation 
is a pulp containing little slime; and as flotation processes are 
widely used in Australia, it is imperative that a good separation 
that the 
water be recovered from the latter. Formerly classification was 


of sand and slime be made, and equally necessary 


done entirely by the use of spitzkasten, the slimy overflow be- 
Not 
almost impossible to obtain a clear overflow by this method, but 


ing settled in pointed boxes, tanks or pits only is it 


the recovery of water is incomplete, for the settled slime must 








FIG. 3.—SLIME SETTLING PITS AT BRITISH 


BROKEN HILL 
retain sufficient water to permit pumping or flowing by gravi- 
tation to the slime dams, where a further recovery of water is 
made. 

Slime Settlement and Water Recovery. 

A general view of the Broken Hill Proprietary mill is shown 
in Fig. 1. The first experimental plant for the treatment of 
slime by the Potter-Delprat acid flotation process occupies the 
white building in the center. At the extreme left is the lead 
concentrator from which slime and water are pumped to 
settling tanks placed on a high platform at the right near the 
stack. These tanks are emptied periodically, the pulp being 
sluiced to slime dams, one of which is seen in the left fore- 
ground. The walls of these dams, or basins, are gradually built 
up of slime and stand nearly vertical, as will be seen in some 
of the views. The Broken Hill Proprietary has many acres 
of such settling basins, a portion of which is shown in Fig. 2. 
As the area exposed is great, and the rate of evaporation high, 
the loss from this cause is appreciable. 

At the British Broken Hill, where the Elmore vacuum flota- 
tion process is installed, large concrete pits are used as settlers. 
Two of these are shown in Fig. 3. As the slime flows into the 
pits, the supernatant liquor overflows and is returned to the 
mill. When a pit no longer gives a clear overflow, the slime 
is sluiced to a sump whence it is pumped to slime dams similar 
to that shown in Fig. 2. Further settlement is obtained at the 
dams, and clear water is pumped back to the mill. 

In Fig. 4 is shown a view of the concentration and minerals 
separation flotation plant of the Zinc Corporation, with sand 
and slime dumps at the right. In the foreground can be seen 
ridges of slime that have been thrown up to form new settling 
basins for the recovery of water. An interesting feature of this 
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mill is the use of troughed conveyor belts for dewatering the vators, three filter-bottom, circular sand tanks and four V- 
sand tailing (contains also some slime) from the Minerals shaped slime collectors. The pulp was elevated and discharged 


The discharge end of three of these belts 
at the left 
trates, and the two at the right 


Separation boxes 


is shown in Fig. 5 rhe one is used for concen- 


for tailings, the latter being 
T he 


and gradually elevate the material to the 


discharged with from 16 per cent to 20 per cent moisture 


helts travel slowly 


discharge point, while the slime and water flow in the opposite 


into the circular tanks where the sand settled, the slime over- 
flowing to the V-shaped thickeners. 
were built of lumber imported from the Pacific Coast « 
United and 


These thickening boxes 
f the 
ot $2,800 
They were designed to handle the entire slime product of the 
concentrator. 


States were erected at a cost about 


The overflow, which was expected to be reason- 


ably free from slime, passed to 











FIG. 4 NC CORPORATION BROKEN HILL MINERALS SEPARATION PLA 
direction to circular settling tanks, 60 ft. diameter and 8 ft 
deep. One of these is shown in Fig. 6. Here some water 1s 
recovered, while the thick slime is sluiced to sumps from which 


it is pumped to the settling dams shown in the foreground 
f Fig j 

As stated before, these slime dams are typical of Broken 
Hill. Those shown in Fig. 7 are especially interesting as show 
ing how nearly vertical the walls can be built. The sand dumps 
at the right contain. 1,250,000 tons of zinc tailings from the old 
Broken Hill South mill, and have been bought by the Zinc 


Corporation for treatment by the Minerals Separation process 

Che huge sand dump shown in Fig. 8 is that of the Sulphide 
Corporation, where the Minerals Separation process is used for 
the recovery of zinc from the tailings of the lead concentration 
mill. The slime settling basins at the foot of the dump show 
of the this 


f large, circular collecting 


nly a part extensive arrangement provided for 


purpose, there being also a number o 











FIG. 5.—DISCHARGE END OF SAND-DEWATERING BELTS, ZINC COR- 
PORATION, LTD 
tanks. The settled solids are dug by hand from the pits and 


tanks, and returned to the Minerals Separation plant for recov- 


ery of the zinc content. 


Modern Methods First Adopted at Broken Hill Proprietary 
Block ro. 

The last mill to be built in this camp was that of the Broken 
Hill Proprietary Block 10, a general view of which is shown in 
Fig. 9. It was the first to employ modern methods of dewater- 
ing slime, and commenced operations about one year ago. 

That part of the plant formerly devoted to the separation of 
sand and slime, and the dewatering of the latter, prior to treat- 
ment by flotation, is at the extreme left in Fig. 9, but is shown 


more in detail at the right in Fig. 10. It consisted of six ele- 





circular steel tank shown 


the 
pumped 


the 


mn center, whence 
to 


on 


it was 
tank 


the 


the storage 


shown an elevation in 


The method was not 
the 


background 


satisfactory, however, as 


overflow from the V-shaped 
boxes carried considerable slime 
with the consequence that the 





water storage tanks soon becam: 
half filled with solids 

The scheme was finally aban 
Dorr 
were substituted for the V-shaped boxes 


NT, SAND AND SLIME DUMPS 


doned, and continuous 

The nrst 
of these thickeners to be erected in Broken Hill is shown at the 
IT. 


tinuous thickeners have been built at this mill, and today they 


thickeners 


left in Fig. 10, with a closer view in Fig Five such con 


handle the entire slime product, giving a perfectly clear over 




















SLIME SETTLING TANKS, 600 FT. DIAMETER A 


ZINC CORPORATION, LTD 


flow with practically no loss of head, and a thickened und 


flow carrying less than 50 per cent moisture 

In Fig. 12 is shown the mill of the Amalgamated Zinc Con 
flotation This 
owns no mines, but has bought a large tonnage of old zin 


pany, using the De Bavay process compan 


tailings and has contracts to treat current zinc tailings fro 


several companies which have only lead concentrating mil! 











FIG. 7 


-——TYPICAL SLIME DUMPS, BROKEN HILI 





A very elaborate system of flat-bottom, circular tanks has be 
installed in which to settle the slime, which is then pumped 
slime dams. Close separation of sand and slime is necessary 
the De Bavay process does not handle the latter material. 
In concluding the review of slime handling in Broken | 
it may be stated that all forms of dewatering devices ha 
been tried, including the Wilfley revolving filter, the Hunt h: 
zontal filter and others, but until the introduction of the ¢ 
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tinuous slime thickener the problem was not successfully solved. 
These thickeners are now being widely adopted, with a conse- 


quent saving of water and cost of pumping 


The Kalgoorlie Goldfield, Western Australia. 


In gold metallurgy the slime problem takes on a different 
that 


aspect from which it presents in the treatment of base 


CHEMICAL 
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the plant of the Great Boulder with its sand dump and slim« 
dams. 
Corrugated Galvanized-Iron Agitator Tanks. 


The settler-agitator tanks shown in Fig 
Hill 


construction 


14 are at the Brown 


mill, and are of special interest from the viewpoint 


They are built of corrugated galvanized iro1 


and were erected about I4 years 











ETTLING DAMS 


metal ores The ore slime is much more valuable. 


Kalgoorlie the line 


invariably 


particularly 


when, as at portion of the crushed ore is 


almost richer than the coarse Slime thus becomes 


the bugbear of the metallurgist unless his plant is properly 


equipped to handle it 


Until recently it was the practice in Kaigoorlie ¢ 








KEN HILL PROPRIETARY, BLOCK 


sHT FORFGROULU ND 
arge settling areas in pointed boxes, for dewatering slime 
prior to filtration either in plate-and-frame 
leaf filters 


the continuous thickenet 


presses or in the 


various forms of During the past year 


first adopted in Broken Hill has found 


ago to meet an urgent deman 


for an increased agitating capac 


ity 


They were designed only for tem 


porary use until steel tanks coul 


be built, but have remained in 





service all these years, much t 


the surprise of all incerned 
Each tank is provided with a de: 


rick for 


agitating me 


raising and lowering the 
hanism The latte: 


being raised, the dilute slime pul 


is run into tank 


reasonably 





tators are started and gradually 


however, 


tained 


ORPORATION, BROKEN Che 


slime is then allowee 


to settle, and the clear solution is 
after which the agi 
into the 


agitator is shown 1n the 


siphoned off, 


lowered thickene: 


slime same type ot 











1! BLOCK 10, FIRST DORR CONTINUOUS THICKENER 


LEFT 


ERECTEI 


AT BROKEN HILI SAND TANKS AT 


of Fig. 13, which is a small plant operated by the 


for the 


Lake View 


Company, retreatment of slime. 








Retreatment of Old Slime. 

[It is significant of the progress 
of metallurgy in Kalgoorlie, par- 
ticularly in the treatment of slime 
that old this 
material could 
not be 


accumulations of 
which formerly 
handled, are 
treated profitably. 
of reclaiming 


now being 
Two methods 
these old = slime 
dumps are shown in Figs. 15 and 
16. 

At the Lake View, Fig. 15, a 
train of cars is run onto a track 








FIG, 10.- 


onsiderable favor with Kalgoorlie metallurgists, and is rapidly 
ing substituted for older and less efficient forms of thicken- 
ing devices. At some of the mills, however, the older methods 
are still in use, as will be seen in Fig. 13, which shows part of 


BLOCK 10, OLD V-SHAPED SLIME SETTLERS AT RIGHT AND FORMER ELMORE PLANT AT LEFT 


laid along the edge of the dump 
Chutes of galvanized iron aré 

laid from the cars to the dump, 
so that the solid slime dislodged from the top will find its way 
into the cars. When the angle of inclination becomes too smal! 
for the slime to run well, the dump is undercut and the track 
moved into a new position. 
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slime 


and pumped to the mill. 


truck on which is mounted a triplex pump, vortex mixer, motor 
and belt conveyor. The dry slime is barred down onto the 
conveyor which delivers it to the mixer beneath the pump 














I I2 A MALGAMATED 


ZINC COMPANY, LTI USING DE BAVAY 


FLOTATION PROCESS 
Here it is mixed with cyanide solution piped from the mill, and 
of the truck 


time as the dump is removed 


then pumped back into the agitators. The position 


nged trom time to 


Spitzkasten with Inclined Baffles. 


About tw ears ago an inte device for slime thick 


resting 






















































FIG, 13.—GREAT BOULDER SAND DUMP AND SLIME DAMS IN 
GROUND. LAKE VIEW SLIME RETREATMENT PLANT 
FOREGROU ND 


BACK- 





IN 


ening was built at one of the large gold mines in Western 
Australia." Experiment had apparently shown that a marked 
increase in the rate of settlement and density of pulp could be 
obtained in spitzkasten containing a number of inclined baffles 
placed near the surface of the 


slime. Accordingly several 






















I14.—CORRUGATED GALVANIZED 
BROW NHILL 


AGITATOR TANKS AT THE 


MILL 





large spitzkasten were built and thus equipped; but evidently 
the net result was not satisfactory, for the device was aban- 
doned in favor of continuous mechanical thickeners. 


1See this journal, September, 1911, p. 467. 


AND CHEMICAL 


\ different method is adopted at the Golden Horseshoe, Fig. 
being mixed with cyanide solution at the dump 


The machinery consists of a portable 
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is the latest to be built at 
following the destruction by 


The Perseverance mill, Fig. 17 


Kalgoorlie, having been rebuilt 


fire of the old plant about 2% 


The principal steps in 
the process are dry crushing, roasting and cyaniding. 


years ago. 
Separa- 
tion of sand and slime is made in pointed boxes, the slime 


being dewatered in cones 











FI 15 


RECLAIMING OLD SLIME DUMP AT THE LAKE VIEW, 


K ALGOORLIF 


Gold Milling in New South Wales. 
goldtield where 
The 


and copper smelting 


\bout 500 miles west of Sydney is the Cobar 


metallurgical operations are conducted on a large scale 


Great Cobar copper mine is located here, 


has been carried on for a number of years. The Cobar com- 


pany owns also several other properties, at one of which, the 


Cobar Chesney, copper-gold ore is produced \ soo-ton con 

















FIG, 10.—RECLAIMING OLD SLIME DUMP AT THE GOLDEN HORSESHOE, 


KALGOORLIE 


centrator has been built, equipped with rolls, Hancock jigs and 
Chilean mills for regrinding. 

The ore is ground to pass 30-mesh screen, and dewatered in 
Dorr continuous thickeners to a consistency of 3% parts liquid 





FIG. 17.—PERSEVERENCE MILL, KALGOORLIF 
in which condition it is treated for the re- 
covery of copper by the Minerals Separation process. The 
tailings contain practically all the gold, and today it is planned 
to build a cyanide plant to treat them. 


The Cobar Gold 100-stamp mill, another property of the 


and 1 part solids, 
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Cobar company, treats a gold ore containing a little copper. A 
view of the plant, which was built a few years ago, is given in 
18 It was designed to employ the Elmore vacuum flota- 
the ot 


Fig 


tion process for removal copper, with subsequent 


cyanidation of the tailings. The process was unsuccessful and 

















FIG. I8.—COBAR GOLD MILL, NEW SOUTH WALES 


the plant was closed. Today it is proposed to install Minerals 





Separation flotation, which has been found to yield a tailing 
amenable to cyanidation 
Fig. 19 gives a view of the stamp mill of the Mt. Boppy mine 


located about 50 miles east of Cobar. The Mt. Boppy is today 


——— 


| . —s 














MILL, OLD SHALLOW LEACHIN« 


FOREGROUND 





yremier gold mine of New South Waies, and the mill is th: 


ef 

st modern in Australia. Reconstruction of the plant was in 
gress at the time the photograph was taken. The only 
iture of the ore treatment which may not seem to be in ac 
rd with modern cyanide practice is that the ore is crushed 


water and not in cyanide solution. The explanation of this 











NEW WALES 


SOUTH 


20.— OCCIDENTAL MINE AND MILL, COBAR, 


is found in the fact that the ore is sufficiently acid to 





ire a preliminary wash, which is best accomplished by 


t hing in water. 
me of the shallow leaching tanks in the foreground of 
19 have been dismantled and converted into Dorr thick- 


A preliminary dewatering is ac- 
in these machines, following which the final de- 
we'ering is done in a Moore filter. The discharged cake is 
tl mixed with cyanide solution and agitated in concrete 
Ps iueca tanks, after which it is finally filtered in another 
re filter. In this connection it is interesting to note that 
Pachuca, or Brown, agitator is rarely seen in Australia, 
us forms of paddle agitators being generally used. 


er +s of twice the depth. 
c lished 
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which 


mill 
during 


Sull another the Cobar district, 


been 


in 
the 


important 


has reconstructed past year to conform to 


modern practice, is that of the Occidental company, shown in 


lig. 20. The present equipment consists of stamps, card tables, 


tube mills, Dorr classifiers and continuous thickeners, Pachuca 


agitators and Moore filter 


Deni er, 


The Chemistry of Tungsten* 
By Chas. Baskerville, Ph.D. 


and 


Che 


ores are relatively 


classification mechani al concentration of tungsten 


all 


However, the hydro mechanical processes 


simple because of the high gravity of 


tungsten compounds 


are insufficient to ensure complete separation of cassiterite, 
it being necessary, when this mineral is associated with the 
ore, to resort to magnetic separators 

There are a number of forms of apparatus used for the 
concentration of tungsten ores, such, for instance, as the sep 
arators of Mechernich, Johnson, Wetherill, Rowand, Knowles 
and King \ notable feature in tungsten ore milling is the 
large table area required per ton of ore treated, which reduces 
the tonnage capacity, according to experience in Colorado 


Screen sizing has not been practiced in this country on a large 
scale, with a view of eliminating coarse material which might 


prove worthless; and it has been suggested that this procedure 


as well as classification be more widely considered 
The Chemical Treatment of the Concentrates. 
The 


production of tungstic 


chemical treatment of the mechanical concentrates and 


the acid are based upon the following 
general principles 

(1) The alkaline carbonates attack in the dry way insoluble 
tungstates to form soluble alkaline tungstates 
Mineral 


solution 


(2) acids tungstic acid from tungsten 


precipitate 


in in a form insoluble in the solution 


(3) Ammonium tungstate is decomposed at redness in an 


oxidizing atmosphere into tungstic acid 
{ 4) 
chloric acid gas, forming the oxy-tetrachloride, easily volatile 


lungstic acid and tungstates are attacked by hydro- 


and decomposed by water into tungstic acid and hydrochloric 


acid 
(5) Solutions of alkaline tungstates are transformed into 
sulphosalts by the action of hydrogen sulphide. On decom- 


posing the sulpho-tungstate with a dilute acid, the only slightly 
soluble tungsten trisulphide is formed 

Wolframite attacked alkaline 
bisulphates. Decomposition by alkaline carbonates 


may be by aqua regia, car- 


onates, or 
is the one generally used in the tungsten industry. The wol- 
framite is 
the 
beratory furnace usually on a hearth of dolomite agglomerated 


fused, after pulverization, with sodium carbonate 


with addition of nitrate. The fusion is done in a rever 


with tar and burned in place. After the fusion the mass is 
hroken up, digested with water in filter tanks with methodic 
nearly boiling water is employed, and the alkaline 
tungstate dissolves along with silica and phosphoric acid as 
silico-tungstate and phospho-tungstate of sodium. The metallic 
oxides remain in the residue. 

Hydrochloric acid is then added to the solution in a boiling 
state to aid reaction, when the neutral tungstate passes to the 
form of para-tungstate, 5Na,O.12WO,, soluble in hot solution, 
but precipitated in the cold. The silico-tungstate and phospho 
tungstate of sodium are more soluble and remain in the mother 
liquid. The para-tungstate is filtered off, washed and tran 
formed back again to the normal tungstate by the addition of 
sodium hydroxide. Tungstic acid is then obtained from this 
the addition to it, when boiling, of hydrochloric 


washing: 


solution by 
acid. 

The objections to this process are that large quantities of re- 
agents are necessary and that there are considerable losses on 


*Extracts from a lecture delivered before the New York Electrical So- 
ciety in the Chemistry Bldg. of the College of the City of New York. 
[he lecture was profusely illustrated. The introductory chapters on the 


history of tungsten metallurgy, the production of tungsten ores, and geo- 
chemical 


considerations are here omitted. 
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unt of the slight solubility of the precipitates. Therefore, 


suggested heating with calcium carbonate and sodium 


ide—a process applicable only to a very pure wolframite, 


chloride silica is not eliminated; Gin heats to 1200-1300 


since 


deg. C. with magnesium chloride or fusion with potassium 


bisulphate (insoluble potassium acid tungstate is thus formed) ; 
while the Kempen Electrochemical Company heats sodium bi- 
sulphate to fusion with mono-hydrated sulphuric acid, then in- 


troduces the pulverized mineral. These processes are cited in 


passing only as examples 


lungstic acid may be prepared from scheelite by decompos 


ition with concentrated hydrochloric or nitric acid, forming 


chloride or nitrate of calcium in solution, and an insoluble 


acid; by 


alkaline 
calcium fluoride; or by conversion of tungstic acid 
WOCl, boils 


and then decomposition of this compound 


residue containing tungstic fusion with potassium 


fluoride, producing soluable tungstate and insoluble 


into 
} 


OXY 


tetrachloride, which at 227 deg. 


vy means 


of ferric chloride, 
} 


vy means of water to form tungstic acid and hydrochloric acid 


The Preparation of Tungsten 
Metallic (elementary) tungsten may be prepared by a variety 


»f methods; as, for example 


) By reduction of tungsten trioxide (tungstic acid) by 


hydrogen. 

heating the hexachloride in hydrogen 
heating the trioxide with carbon, in, say, an electric 
nace 

heating the nitride 


4) By 
heating to redness a mixture of tungstate 


the trioxide 


(5) By ammonia 
with metallic zinc. 

(6) By the passage of an electric current in vacuo through 
filaments of an amalgam of tungsten, cadmium and mercury; 
cadmium and mercury are expelled, while the tungsten is left. 


Still other processes are the aluminothermic method, re 


duction with magnesium, reduction with phosphorus, electro- 
lysis of the double chloride of tungsten and sodium, and by 
heating tungsten silicide with lime 

may be prepared in the electric furnace by 
tungsten 
the 


because the sulphur and phosphorus present are re- 


Cast tungsten 


direct treatment of trioxide with carbon; reduction 


with calcium carbide in presence of silica (not used in- 


dustrially 
tained by tungsten carbide) ; or by reduction with ferrosilicon 
Sometime ago I made, during the course of an investigation 
filaments electric 
of the reduction of tungsten trioxide by means of carbon 
of time will only permit me to present the conclusions 


When metallic tungsten, obtained by the reduction of 


of tungsten for incandescent lamps, a 
study 
| AC k 
(1) 
tungsten trioxide with carbon, is heated with carbon, the ex- 
terior portions of the metal contain carbon 
(2) When metallic tungsten, obtained by the reduction of 


‘ 


tungsten trioxide with carbon, is heated with an excess of 


carbon, the metal readily forms a definite carbide, W.C. which 


possesses much the same properties as the metal, but is more 
easily attacked by reagents 
When a metallic 
present, the chemical action is moderated by dilution and the 
combination of carbon and tungsten occurs at lower tempera- 
tures, W.C in all events resulting on heating to a higher tem- 
perature 

(4) When pure tungsten mixed 
and then heated, to effect the metallic 


carbide-free tungsten can only be obtained when the quantity 


(3) compound serving as a solvent is 


trioxide is with carbon 


reduction to state, a 
of carbon used is insufficient for complete reduction and the 
temperature employed is below the melting-point of the metal 
When tungsten trioxide is heated with an excess of carbon, or 
in a carbon crucible, the carbide W.C results: the carbon in 
excess of that required by the formula is given up as graphite 
on cooling; and this graphitic carbon may be burned off 
These conclusions, based upon the work of Moissan, Williams. 
Borchers, and De- 
facqz, as well as upon observations of my own, are of con- 


Carnot and Goutal, Lebeau, Greenwood, 


siderable practical importance to illuminating engineers, for they 


CHEMICAL 
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naturally lead to the inquiry, “Do not the commercial prepara 


tions, obtained by the reduction of tungsten trioxide with 


carbon, and especially tungsten filaments for incandescent elec- 


tric lamps, formed by heating tungsten with a carbonizab! 


agglutinant, contain tungsten carbide, W.C?” 
The physical properties of hard, brittle tungsten—the variety 
the the 


Mazda lamp, and which were completely lacking in ductility 


tound in commercial lamps before advent of new 


ind pliability, and were brittle and difficult to obtain with a 
and those of pure ductile tungsten remind one 
differences between the tantalum of 
and that of Bolton, the 


carbon with tantalum was ascertained to explain the differ 


permanent set 
f the 
Moissan 


Berzelius and 


von since admixture ot 
ences between the observations of the latter and those of his 
predecessors; and the comparison of non-ductile tungsten with 
hard and brittle tantalum becomes more relative when it is indi 


ated that their respective atomic weights are 184 and 181 
The Manufacture of Metallic Tungsten and Ferro-Tungsten 
For the manufacture of tungsten and its alloys on an in 
dustrial scale, especially for employment in the steel industry, 
the raw material is usually a concentrate containing from 60 
to 70 per cent of tungsten trioxide. This is mixed with sodiun 
carbonate (soda-ash) and is then roasted for about four hours 
and 


filtered, concentrated, 


Upon filter-pressing, the sodium tungstate 


treated in a dissolver, 


allowed to crystallize 


it 18 now 
remains in the press, and the mother-liquor is conducted int 
for further The 


tor hydri 
chloric acid is added to precipitate the yellow oxide, which 


a vat treatment proper amount of 
after drying, is reduced to powder metal of 99.25 to 99.50 p« 
cent, purity, 
and a density of from 19 to 19.25. 


In the production of 


with a carbon content of 0.50 to 0.15 per cent 


the 
often mixed with the proper proportion of steel, rod graphit: 


ferro-tungsten, concentrates ar: 
and a secret compound to assist reduction and fluxing, and tl 

crucibles are placed in a gas-fired crucible furnace and smelted 
While, however, an 80 to &5 
per cent tungsten alloy may be made by heating the powdere: 


for several hours at a high heat. 


metal with low-carbon steel scrap in the crucible furnace, yet 

the higher-grade alloys, such as 85 per cent, are manufacture: 

in the electric furnace directly from the concentrates and steel 
The Uses of Some Tungsten Compounds 

and water col 

Large quantities of sodium tungstate are manufactured, mu 


Tungstic oxide has been used as an oil 
of which is used in fireproofing cloth for curtains and draperic 
and as mordant in dyeing. 

Other tungsten salts are used in weighting silks. When sill 
are dyed, tungsten salts, owing to their high specific gravit 
are introduced to give more apparent weight to the fabric. 

Sodium tungstate has almost exactly the same rate of ex 
pansion for moderate temperatures as platinum, so that it 
used for sealing platinum apparatus 

Calcium tungstate, on account of its fluorescence, is used 
a screen to make X-rays visible. 

Tungsten compounds have also been used in glass 
porcelain coloring, and in making certain bronze powde: 
Tungsten bronze is made by dissolving tungsten trioxid« 
melted sodium tungstate; the goldlike leaflets are used a: 
pigment. There is also a violet tungsten bronze ; K,W.O, mi» 
with W,Os. 

Sodium phosphotungstate is used as a reagent for alkaloi 
Cadmium borotungstate (sp. gr. 3.28 is used for the mechani 
separation of minerals). Lead tungstate has been substitu 
for white lead in paints 

College of the City of 


New York. 


tIn Dr. Baskerville’s lecture then followed chapters on the prop« 


of tungsten, the compounds of tungsten, and the uses of tungsten 
making special steels and tungsten alloys and a very extensive ch 
on the manufacture of tungsten filaments for electric incandescent 

\n interesting account was given of some analyses of tungsten filam: 
carried out by Dr. Baskerville in which the composition of the filar 
was to be determined and enough to be saved to serve as corpora d« 
Ihe total weight of one of these filaments was a little over 2 milligr 
The filaments proved to be tungsten. Then followed a chapter ot 
uses of tungsten for crucibles, electric furnace resistors, gauge, Roe 

tube targets, thermoelements, etc. 
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Electrode Holder Construction for Electric 


Furnaces 





A Description of the Principal Types of Elec- 
trode Holders for Furnaces, with Additional 
Notes on Joining and Dimensioning Electrodes 





The issues No 


Stah 


12 and 14 of March 20 and April 3, 
und Eisen contain a very thorough and useful digest of 


the problem of 


1913, of 


electrode holders, with 
the 
sioning of electrodes, from European electric-furnace practice 


proper construction of 


additional notes on the joining of electrodes and dimen- 


We herewith give a translation of this article practically in full 
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FIGS. I TO 38.—USUAL ELECTRODE CONSTRUCTIONS 


he holders in use are either topholders (Kopffassungen) or 
the electrodes and 
them- 


sideholders, pressing against the sides of 


allowing a feeding of the carbons, while the holders 
selves remain in place 

In topholders the same contact surface is maintained between 
until 


ire almost exclusively used in the manufacture of carbide, fer- 


holder and electrode the latter is used up. Topholders 


silicon and aluminium, while in electric steel furnaces side- 
holders are usually emploved 


Good electrodes are generally too hard for machining 
Special shapes, therefore, which are often called for by the 
iser are made by forming the material before it is baked 


Figs. 1 to 19 show a number of the ordinarily used shapes of 
electrode ends. The recesses provide for either a good contact 
vith the cable or for joining the ends of electrodes together so 
is to avoid waste 

That the proper construction of the holder and the contact 
s of great importance as it affects the electrode consumption 
nd the cost of maintenance has been recognized by most man- 
ifacturers. This has led to quite a variety of constructions. 
The current-conducting parts are mostly made of copper or 
parts press the contact 
ainst the electrodes are made of wrought iron, steel or steel 


ronze, while those which surfaces 
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S. 9 TO 14.—USUAL ELECTRODE FORMS. FIGS. 15 TO I17.—JOINING 

ELECTRODES 
istings. A current density of 3 to 5 amperes per sq. cm. (10 


32 amp per sq. in.) is usually adopted for these contacts, 
lower limit being preferred. 

The surface condition of the electrode is of particular im- 
rtance where a good contact is wanted. The surface of the 
rbon should be as flat and hard as possible and be cleared 










Elastic 
layers of copper netting or thin iron sheets are useful in im 
the Unfitted holders often 
the electrode mav become red hot inside or below 


from coal or flue dust before putting the holder on 


trouble as 
the holder 
sometimes to break or resulting at least in an ex- 


proving contact. cause 


causing it 


burning. Since the ohmic resistance of 


amount by 


cessive Car 











FIGs. 18 AND I9.—JOINING OF ELECTRODES. FIG. 20.—HOLDER FOR- 
MERLY USED WITH CARBIDE FURNACES 

bon decreases with increasing temperature, the current will 

pass preferably through the hot parts of the electrode, and 


thereby make the evil worse. 

The following figures from Louis, Les Electrodes en Car- 
bone et Leur Emploi dans les Fours Electriques (Bull. Techn 
de la Société des Anciens Eléves Des Ecoles Nationales d’ Arts 
ct Metiers, No. 2, p. 244) 
holder on electrode consumption and maintenance cost. In a 
large plant producing 4000 tons of ferroalloys per year the 
cost of maintenance of the holders was marks 6.40 ($1.60) per 
ton of metal produced or marks 25,600 ($6,400) per year. By 


IQIO, illustrate the influence of the 





Ansicht fF 








Horizontal Section 





—HOLDER WITH COOLING 


FIG. 21 


ARRANGEMENT 


using an improved holder this cost was reduced to marks 1.60 
($0.40) per ton, saving marks 19,200 ($4,800) annually. The 
consumption of electrodes was also reduced resulting in an 
additional saving of marks 12,800 ($3,200). The total saving 
due to the use of an improved holder was, therefore, marks 
32,000 ($8,000) per year, or marks 8 ($2.00) per ton of product 






METALLURGICAL AND 
Topholders 
In carbide plants the connection of Fig. 20 was formerly 
often used consisting of two solid V-shaped cast-iron clamps a 
tightened by bolts 6 and connected to the cables by means of 
necks ¢ and pressure plates d. This solid electrode holder 
When the electrode became short 
the holder became hot and the 
electrode was hot too and the 


never proved satisfactory 


la 


A 
y Later on a cooling device was 


cast-iron pieces often melted 


- 
mie combined with this construc- 
tion shown in Figs. 21 and 22 
Fig. 23 represents a connec- 
tion which has proved satisfac- 
tory in a carbide furnace. 
The head of the electrode is 
dove-tailed and clamped be- 
tween two cast-iron plates b by 
means of two wedges, a. The 
whole apparatus is supported by 
an iron structure, which itself 
hangs on an electrically insu- 
lated hook. Copper plates d, e 
and f serve to make contact at 
h with the flexible laminated 
ribbons g, carrying the current 
The mechanical suspension is 
independent of the electric 
connection and the weight of 


























the electrode tends to tighten 
the contact copper 
plates and head 
An electrode with 
this into 


between 
electrode 

equipped 
holder can be put 
service very quickly by hooking 
into the chain of the windlass, 
and making contact at h. 

The holder, shown in Fig. 24, has been successful in the man- 
ufacture of ferroalloys 


FIG. 22 HOLDER WITH COOLING 


ARRANGEMENT 


The electrode consists of four carbon 
blocks embedded in a tamped carbon mixture. Two opposite 
surfaces of the same block have dove-tailed recesses in order 
to clamp the copper plates a by means of the screwbolts b and 
the plates c. This holder is simply connected to the plates d 
of the 
leads e 


current 
The plates 
a preferably con- 
sist of copper, the 
plate c¢ of 
casting, the pres- 
screws of 
iron with square 
thread, and _ the 
plates c of bronze 
or of cast iron 
containing man- 
ganese. , 

If the surface of 
the dovetails is 
not smooth enough 
to secure a good 
contact, the heat- 
ing at the contact 
will be avoided by 
putting a cushion 
of very fine strands 
of a copper cable 
between the carbon and the copper plate. Under the pressure 
of the screws, this cushion of about 0.5 cm. (3/16 in.) thick- 
ness is pressed into the rough spots of the carbon and secures 
the passage of the electric current under favorable conditions. 

When the electrode butts are to be utilized down to a length 
of 50 cm. (20 in.) it becomes necessary to cool the parts arti- 
ficially to prevent the holder from being destroyed by the heat 


steel 


sure 





FIG. 23.—DETAILS OF HOLDER SATISFACTORILY 
USED IN CARBIDE FURNACE 
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of the furnace. Fig. 25 shows the copper plates of the current 
lead being wedged to the carbon by means of water-cooled chan- 
nels a open at the top. This design has given good results es 
pecially in furnaces with an open hearth. 

The holder shown in Fig. 26 is good for cylindrical elec- 
trodes. The flexible leads are fastened to a bronze piece a 
of special form. This piece is fastened to the carbon by an 
electrically insulated ring and has a contact surface machined 
on the lathe. The holder itself is a box ¢ surrounding the 
head of the electrode 
pressed to the 
piece a by the screws 
b. \fter 
the screws pb the 
pieces a and ¢ can be 
taken apart by a 
quarter turn The 
piece ¢ which is pro- 
tected by the iron 
sheet d is put on 
top of the _ elec- 
trode, and bronze ¢ 
is poured into the 
free between 
the box and the car- 
bon and on top of the 


and 


loosening 



































space 























electrode 





The weight of the 


electrode produces an 


} 


excellent contact be 





tween the bronze and 
the walls of c. The 

' holder is cooled with 
SATISFACTOR- water which enters 
through f, and drops 
through the central 
overflow pipe onto the top of the electrode; the admission of 
water is regulated to make up for evaporation. 

Fig. 27 shows a holder cooled by water under pressure. The 
ring-shaped piece a is hollow in the center, the water circu- 
lating through b. Copper sheets ¢ serving both as mechanical 
suspension of the electrode and as current leads, are pressed 
The 
wedges have regulating screws and piece a is held by fou 














FIG. 24.—ELECTRODE HOLDER 


ILY USED ON FERROALLOY FURNACE 


against the electrodes with cast-iron or bronze wedges d. 


pressure screws 

While an intimate con 
tact is hard to make be 
tween a carbon electrod: 
and the cable, it is easily) 
obtained 
cable and a metallic elec 
trode by screwing th: 
poleshoe at the end ot 
the cable to the elec 
trode. The contact sur 
faces of the polesh 
and of the electrode ca 
be ground into eac’ 
other, which warrants 
good contact on the en 
tire surface. As it 
hardly ever possible 
get the surface of a no! 
metallic electrode pe 
fectly plane there will a! 
ways be a certain contact resistance and evolution of heat and | 
may be necessary to remove this obnoxious heat of the contac 
by special contact-cooling devices. 

The Westdentsche Thomas Phosphatwerke have a Germa 
patent (No. 207,361) for the construction shown in Fig. 2 
The square-shaped electrodes a have a recess on top and a co} 
per cap ¢ is dumped over this head. In order to make go: 








between the 





















































FIG. 25.—-WATER-COOLED HOLDER 
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contact where the surfaces do not touch each other, the cap 
is filled with liquid aluminium or another metal of similarly 
high melting point and while the aluminuim is still liquid a red 
hot wrought iron ring e is shrunk round the copper cap. Dur- 
ing the simultaneous gradual cooling of the aluminium and the 
iron ring a very close 
contact is produced be- 
tween the copper cap, 
the aluminum layer and 
the top of the elec- 
trode 
Contact 
cannot 








resistances 
show up any 
The poleshoe a 
the screws g, the hoops 
h and the cable ends i 
can be from the 
\s no soldering 
t h i s 
design, an im- 











more 


seen 
hgure. 
is required in 
whole 
portant 
trouble has been elim- 


source of 


inated. 
With the holder con- 
structions described so 





far, the remaining butt 


FIG. 20.— HOLDER FOR ROUND ELECTRODES of the electrode, which 
is about 50 cm. (20 in.) 
long in furnaces with an open hearth, is not used up. In 


furnaces with arches, as for instance in electric steel furnaces, 
the discard is larger, leaving a butt of about go cm. (36 in.) 
which means that only about one-half of the electrode can 


be used 


Movable Side Holders 


In order to utilize completely the electrode material, movable 


holders are employed which allow the electrodes to slide 


through. The electrode is not held on one end, but somewhere 
between its two ends connection is made to the cable; when a 
piece of electrode is used up, another piece of carbon is added 
to the previous piece, and the holder raised accordingly. 

Fig. 29 represents this type of connection in a design pro- 
The hollow 
pieces of metal a which 
form a pair of tongs. 
The tongs are pressed 
against the electrodes 
a by the screw b. When 
the lower part of the 
electrode is consumed, 
it can be fed downward 
for the desired length. 
The cable is fastened 
at c; the best way of 
cooling the pieces a 
2 and the contact is by 

means of water under 


posed by Louis. electrode is held between two 

















pressure. 
Fig. 30 shows an- 
other tongs design for 
a combined electrode of 
several blocks. The 
carbon blocks are 
pressed by steel levers 
by means of the screws 
@ against the central 
e of bronze, which serves as suspension and current lead. 
ig. 31 shows a similar design in which adjustable wedges 
a! employed which are water-cooled. 
he holders of most electric steel furnaces are built for com- 
p!-te consumption of the electrode material and have been re- 
peatedly shown to our readers. 














27.—HOLDER COOLED WITH WATER 
UNDER PRESSURE 
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In the Heroult furnace each electrode is held by a bracket 
from a vertical rack, which is moved up and down by gear 
and pinion. Each carbon is surrounded by a band of metal, 
pieces of copper being inserted, which carry the current from 

the cables. 

f Figs. 31, 33 and 34 show vari- 
ous constructions used by Girod 
(for round electrodes), the 
Aktiebolaget Elektrometall 







































































WY. e 
. WY, ; Urs Ludwika, and by Nathusius 
NZ = 2 \ (side plates). 
i sets = 
; : 3 a Joining of Electrodes 
es Rosana Ss : 
_ The joining of two elec- 


trodes is mostly accomplished 
by thread and screw, as shown 
in Fig. 15. Various other pos- 
sibilities for making the joint 
are illustrated by Figs, 10, 16, 
17 and 18. 

The joining re- 
quires the use of specially 
shaped pieces, threadings, etc. 
All these cause a number of dif- 





process of 




















ficulties. These are overcome 
FIG. 28.— CONSTRUCTION OF by the firm of Siemens Bros 
WESTDENTSCHE THOMAS- & Company, by molding cyl- 


PHOSPHATWERKE indrical, conical, or otherwise 


shaped recesses around the 
end of the electrode, as represented in Figs. 35 to and 
as known to our readers from the description of U. S. 


Patent 1,049,624 on page 217 of the April issue of METALLURGI- 
CAL AND CHEMICAL ENGINEERING.’ 

The joint also causes a certain loss of This loss 
has been found to be 2 to 2.5 volts for square electrodes of 
280 to 300 mm. (11 to 12 in.) side length with a current density 


sq. cm. (32.25 amp per sq This would 


voltage 


of 5 amp per in.) 


















































FIG. 29.—-CONSTRUCTION WITH MOVABLE CONTACT 


mean a drop of from 4 to § volts for an electric steel fur- 
nace with two arcs in series, or a loss of 16 to 20 kw. for a 500- 
kw. load, which represents 3.5 to 4 per cent of the total energy. 





1Concerning the method of joining employed by the National Carbon 
Company, of Cleveland, see the paper o itzgerald & Hinckley in our 
May issue, page 279. 
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But it seems not impossible to reduce this loss in the future. 
Che drop of voltage is caused by three circumstances: 
(a) The contact resistance between electrode and nipple. It 
can be reduced by accurate machining of the contact surfaces. 
(b) The contact two electrodes; it 
will be 


resistance between the 


small 


when absolutely 


plane faces of 
the are 


employed. A 


carbons 





good electrode 
paste is useful. 

The re- 
the 
nipple; it can be 


(c) 





sistance of 





decreased by the 
proper choice of 
material. Form- 
erly these studs 
were made of 
the same kind of 
the 
Ac- 
cording to a sug- 
the 
Plantawerke 


at the 


material as 
electrode. 
FIG. 30.—HOLDER FOR ELECTRODI 


SEVERAI 


CONSISTING OF 
BLOCKS gestion of 


(German patent 238,343) the contact resistance joints 1s 


considerably lowered, if the nipple is made of a material which 
conducts the current better than the material of the electrode, 


such as a mixture containing graphite or metal 


It has also heer proposed to make these connecting studs 


lhis, however, would defeat the special purpose 
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These difficulties are unknown in the use of electrodes which 
are not joined together; it is mainly a matter of calculation 
whether to join electrodes or not, and the cost of power, the 
cost of electrodes, and their length will decide which of the 
two methods should be used in any case. In cases in which 
the furnace and the holder allow to use the electrode down to 
but a small stump it will be in many cases more advisable not 
to join the electrodes. 


Metallic Conductors in Electrode Heads 


the metallic conductor into 
satisfactory results This 
With small electrodes 
the connection to the current leads is obtained by means of 
metallic plates placed between the conductor and the carbon 
(Borchers, Lc., p. 149, But too close a tightening 


of the bolts often causes the electrode to crack while other 


Keller's method of 
the head of the electrode 
method has been known for some time 


inserting 


gives 


Fig. 235) 


wise the contact may be poor. 


Fig. 38 shows an electrode connection often used for the 


manufacture of aluminium. The end of a flat piece of iron is 
upset in the shape of a fishtail and then molded into the elec- 
trode. Plants 


this connector before 


electrodes insert 


buy 


manufacture their 


baking, 


who own 


whereas those who them 
baked fasten the metal with a graphite mortar or by pouring 
liquid bronze into the hole 

\ thread 
is made in the end of the electrode and an iron rod, threaded 


fastened in the same \ 


Fig. 39 shows a connection made by a screw bolt 


at one end, is mantle of bronze or 


aluminium bronze forms contact at both ends and secures the 


passage of current. Four or six of these electrodes are some 
times combined in aluminium furnaces as shown in Fig. 40. 


\ connection of Dr. Lessing, of Nuremberg, (German patent 














-MODIFICATION 
OF FIG. 30 


FIG 3I 
OF DESIGN 


They would melt 
and not fill their 
since their object is to 
use the last piece of the electrode. 


of these studs 
and_ volatilize 


purpose 





























This latter aim is completely 











reached by a joint containing small 
metal 











particles of embedded in 


carbon 





disadvantages of this 
method are as follows: 

1. The manufacture of the ac- FIG 
curate inner thread and nipples and 
other shapes increases the cost of the electrode construction. 

2. The contact resistance causes losses of energy. 

3. The joint is apt to loosen and to increase these losses or 
the end of the electrode in the furnace may drop off causing 
short circuits or other troubles; too tight a joint might result 
in a breaking of the two carbon pieces. (Borchers, Elektrische 
Oefen, 143.) 


wn 
The 





2nd ed., p 


Copper Sheets 


32.—-DETAILS OF 


CONSTRUCTION OF GIROD 

211,273) is shown in Fig. 41. It consists of a piece of ir 
moided with the electrode which has square-shaped threads 
such an angle that the distance b between the threads is ¢ 
siderabiy larger than their thickness a. This bolt can be | 
moved from the carbon before baking without destroying t! 
threads in the latter. The iron with t 
bolt ¢. By screwing the bolt into the carbon a 


piece d connects 


threaded 
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curing it by a counternut ¢ an excellent contract is obtained. 
Keller, Fig. 42 (German Patent 218, 054), allows the metallic 
nductor a certain play, the lower end being tapered thicker 
to the hollow top of the carbon. Liquid metal, copper or pig 


m is then poured into the space left in between. This pro 


ices a mechanically and electrically reliable contact No 
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33. AKTIE- FI ONSTR iN 


BOLAGET ELEKTROMETALL LUDVIKA OF NATHUSIUS 


iws, wedges or screws are required to make or improve the 
rhe of 


iter-cooled in 


ntact interior the metallic conductor is intensely 
order to utilize as much length of the electrode 
possible 

[he metal has to be poured carefully into the open gap be 
and The the 
a piece of red hot iron, the preheated current 


nductor is then introduced and kept about 5 


veen conductor carbon cavity in electrode is 


rst heated by 
(0.2 


mm in.) 


stant from the bottom of the cavity by a small hard body 
ery hot bronze or cast iron is then poured in 
\lthough the shrinks a little it 


ntact. The effect of shrinkage can be entirely overcome by 


metal makes an intimate 


sting about 30 grams of tin around the contact metal after it 


s cooled. If the contact should not be perfect it heats up 
en the electrode is put to use, the tin melts and flows into 
interstices and makes a perfect contact. The costs of this 
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35 TO 37 JOINING OF ELECTRODE. FIG. 35 SHOWIN rHE 


WRONG WAY, FIGS. 36 AND 37 CORRECT METHODS 


od are said to be low. The contact metal and the tin can 
ecovered after the electrode has been consumed. 
lis type of connection is mechanically strong and its elec- 


trical resistance is low. As the cooling effect reaches clear 
do\n into the bottom of the cavity in the electrode the contact 
W!!' not soften even when it is heated by the proximity of the 


CHEMICAL 


arc, 





ENGINEERING 









Che electrode can, therefore, be introduced 
root of the furnace and be used up to an extremely small rest 
piece \s no part of the metallic conductor is wider than the 
through the 
closely around the carbon and can be packed 


This method is satisfactory for 


electrode it can pass same opening which 


rebrick up to 
the diameter of the electrode. 


single electrodes as well as for bundles of them 


Che advantages of Keller’s connection are 
1. It avoids all intermediary contacts between the current 
cable and the carbon. 
2. It avoids all parts extending beyond the area of the elec 
trode and has no _ brackets, screwbolts 
— wedges, etc., which are liable to deteriorate 
1 and cause a high maintenance cost 
3. It requires no finishing of the electrod 


surfaces or of the metallic conductor. There 
f st is even a certain advantage in leaving the 
> walls of the cavity roughly finished as it im 


proves the contact surfaces and the mechani 
cal strength of the joint 
4. The electrical contact is per the 


liquid metal fills all the 


rect as 


free 


spaces 





5. The mechanical connection is strong 
Ft se LEC and fool-proof even when the carbon is al 
TRODE WITH most used up 
IRON CONNEC- 6. The cost of maintenance is low 
TION IN TOP 7. The electrode can be used down to be 


low 25 mm. (less than 1 in.) length which 


dispenses with the cumbersome joining of electrodes 
\ practical elastic connection between the electrode and the 


current leads is used by Keller with the above-mentioned elec 


trodes (German patent 194,897) The successive up and dow1 


movement of the electrodes requires flexible leads between th« 


conductor and the carbons. Sometimes an elastic cable of suf 


ficient length serves this purpose. This, however, is subject to 


considerable wear and tear, takes much space, and is cumber 
some for melting furnaces with vertical electrodes, especially so, 


when they lead the current in and out so that there is the 


danger of short-circuit 
Keller avoids these difficulties by using thin and very flexible 
(20 mils) thick, 


bundled into two symmetrically arranged bundles and held to 


leaf springs of copper, for example 0.5 mm 
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CON NECTION 


FIG. 40—COMBI- 
NATION OF FOUR 
ELECTRODES 


FIG. 4I.—CONNEC- 


TION OF LESSING 





Each side of the electric 
holder has a guiding rod which causes the leaf springs to be 
compressed or opened in vertical direction, when the elec- 
trodes move down and up. The shape of the leaves is de 
termined by the distances of the rings which make knots when 


the springs are deflected or stretched. 


gether at several points by rings. 











me SY 
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If the lengths of the single leaf springs are somewhat differ 
ent from each other the elasticity of each spring is used with 
best efficiency Chere is no danger of a short-circuit and the 
elastic connection is not exposed to the flames of the furnace. 
his nstruction has given excellent service and is used in 
electric furnaces of various types and employed for a variety 
ot purposes 


Electrode Dimensions and Electrode Bundles 
Che best cross-section of electrodes is one of the most im- 
portant questions for the consumer. Above all it is determined 
y the current density of the electrode. Experience is so far 
the only guide. A number of important papers on this subject 
have all been published or reviewed in this journal. No gen 
eral formula which would be valid for all cases has yet been 
found for the calculation of this section. In general a good 
electrical and a poor thermal conductivity of the electrode ars 
desirable to reduce the voltage drop and development of heat 
by the Joulean effect and so prevent any appreciable loss of heat 
through the electrodes. Much systematic work remains to be 
done to find the best conditions for improving the heat balanc« 
of furnaces in special cases. In view of the fact that the ther- 
mal efficiency of the electric arc furnace is 50 per cent or 
more, these energy losses through the electrodes are of minor 
importance. (The reviewer is of different opinion on this 
point ) 
The current density of electrodes depends on the sectional 
ea. It has been proven that round electrodes of from 70 to 
00 mm. (28 to 4 in.) diameter, as used, for instance, in the 
~ 00 ~~ HO ‘x Stassano furnace can carry 20 
' Bis al to 25 amp per sq. cm. (129 to 
x pV re S = 161 amp per sq. in.). (As the 
reviewer knows, graphite elec- 


trodes are used in these fur 





naces, which accounts for the 
remarkable difference, with the 
figures which follow.) 


Larger sections are used in 





the electric steel furnaces of 
Heroult, Girod, Keller, etc 
They cannot carry any such 
current density. Up to a sec 
tion of 400 x 400 mm. (16 x 16 


in.) 5 amp per sq. cm. (32 amp 





per sq. in.) are allowed with a 
temporary overload of 6 to 


5S 
f+. 


amp per sq. cm. (39 to 48 amp 








| | per sq. in.) 


The large differences in the 





current-carrying capacity of 





i electrodes of different section 

FI 42.—CONNECTION Of are partly due to the thermal 

KELLER and electrical conditions, men- 

tioned above. Most of the com 

mercial electrodes are made in presses. The capacity of the 

press is limited by its dimensions and design and it seems likely 

that the smaller sections of electrodes produced under a higher 

pressure, have a denser structure. From this it would seem 

that the current-carrying capacity of the electrode is determined 
by the pressing capacity of the machines. 

The area of surface exposed to the cooling effect and the re- 
sistance of the electrode play, no doubt, an important part in 
these considerations. 

It is noteworthy, however, how small the differences in the 
physical constants of small and large electrodes really are. For 
the identical carbon mixture we find the following values: 

Specific Specific 

resistance gravity 
48 to 50 ohms 1.55 
300 x 300 mm 114 X11Min. square 65to68o0hms_ 1.50to 1.52 

The consumer of electrodes is anxious to reduce the voltage 
drop by increasing the section of the electrode. The size of 
section is limited by the design of the furnace and by the facili- 


Size of Electrode 
80 mm = 3% in. round 


CHEMICAL ENGINEERING Vor. XI, No. 6 


ties of the electrode manufacturer. Recently much progress 
has been made so that square electrodes of 550 x 550 mm sec- 
tion (21.6 x 21.6 in.) and round ones of 625 mm (25 in.) diam- 
eter can now be bought from the leading factories. 

These large sections naturally involve some disadvantages. 
The current-carrying capacity is reduced, the mechanical 
strength decreases with increasing section, and the weight of a 
single electrode reaches a considerable figure. In case of a 
broken electrode very heavy pieces might have to be removed 


) —e | 






























































FIG, 43.—ELECTRODE BUNDLI 


from a steel bath and an entire heat might be lost by carburiza 
tion or by cooling off. 

rhe carbide industry, in which large amounts of energy had 
to be handled at an early date, had previously chosen a differ 
ent way to overcome the above difficulties. Six or eight or 
other numbers of smaller electrodes were combined into one 
package or bundle and lowered by means of cranes into the 
furnace The size of the individual electrode is often 
chosen as 250 x 350 mm (10 x 14 in.). The electrode pack- 
ages as illustrated in Figs. 24, 25, 42, and 43 leave an unused 
butt 

rhe amount of these butts is kept at a minimum by the 
use of proper water-cooled holders, and whatever remains is 
used in the carbide furnaces for patching the hearth. 

The electric pig-iron furnace in Domnarfvet used three elec- 
trodes, each composed of two individual carbons; the over-all 
section was 660 x 330 mm (26 x 13 in.). In Trollhattan each 
electrode consists of four pieces of 2 mm (79 in.) length and 
330 X 330 mm (13 x 13 in.) section, giving a section of 660 
x 660 mm (26 x 26 in.) over all. 

Che combining of smaller pieces offers the additional advan- 
tage that the individual electrode has a higher current-carry- 
ing capacity and that considerable losses of energy are avoided 

Attempts have also been made to increase the conductivity 
of the electrode, for the sake of decreasing the section, by pro- 
viding a metallic core. Heroult suggested as early as 1892 in 
U. S. Patent 473,117 (this journal, vol. II, p. 474) to bore holes 
through the electrodes and fill these with aluminium alloys or 
silicon alloys. 

The “Planiawerke” in Ratibor, Germany, improve the con 
ductivity and mechanical strength by metal fillets introduced 
before or after the baking of the electrodes ( Norwegian Pat- 
ent 21,366, 1910). The melting or volatilization point of the 
metal should be below the reaction temperature of the furnace 
Measurements show that the resistance of such electrodes “re- 
inforced” by a metallic core can be reduced to at least half of 
the original with a comparatively small cross section of the 
core. 

The process is particularly intended for use with rather long 
not continuously fed electrodes. Certain alloys can be intro- 
duced into the steel by using same as the core. According t 
Perkins a tube of the carbon or iron can be filled with lime, iron 
oxide or other slag-forming materials and thus deliver the 
very liquid refining slag at the hottest point of the bath. 


R. A. 
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Copper Smelting Operations of the Santa Fé 
Gold and Copper Mining Co. 


By Clarence T. Emrich 


The property of the Santa Fé Gold & Copper Mining Com 
pany is situated about two miles above the town of San Pedro 
in Santa Fé County, New Mexico, at an elevation of about 7600 














ELTER OF THE SANTA 


OMPANY SAN PEDRO, N 


ft. Here are located the mine and smelter within Soo ft. o 


each other. A general view of the smelter is given in Fig. 1 

San Pedro is reached via Stanley on the New Mexico Central 
Railroad and via Los Cerrillos on the main line of the Santa 
l¢ Railroad, a distance of about sixteen miles from the former 
the 


shipping point; first, because of the nearer distance, 


and eighteen miles from latter. Stanley is used as the 
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a great deal of lime and needs treatment with a soda-ash solution 
Che 


heavy both in the boilers and furnace, which 


before it is used in the boilers. corrosive effect is very 


auses some trouble 
at times 

Mining is all 
timbering is done; 


Very little 
Hand 


overhead stoping and drifting. 
pillars are left in the larger stopes 


and machine drills are used 


Sorting the Ore 


The ore is a chalcopyrite occurring in a garnet formation 


and is very hard. The country rock is porphyry, garnet, quart- 
[The ore occurs 
The faults 


width from a 


zite and metamorphosed limestone and shal 
in three horizons and all are badly faulted 
both normal and 
inches to a hundred feet with a throw of the same dimensions 

The ore was formerly hoisted in cars on a but this 
method was changed during the past summer to a 2-ton self 
dumping skip, which gives much better results. All and 
part of the waste is delivered by tramming or gravity tram 
100-ton bin at the shaft bottom there 
hoisted 180 feet to the surface where it is automatically dumped 
into the feed bin for the picking-belt 
put 


are 


reverse. They vary in few 


cage, 
ore 
from 


ways to a and 


This picking-belt was 
the 
improving the grade of ore received at the smelter 


in operation in September and has been means ot 
greatly 
\ll ore passes over a grizzly, and the coarser ore to a Blake 
the picking-belt by 
pick out the 


the ore drops from 


crusher set to 4 in. It is then elevated t 


a belt conveyor, where eight or ten men waste 
The waste is trammed to the dump while 
delivers it to 


the picking belt to a cross conveyor belt which 


the bin at the head of the gravity incline tramway. Two 2-ton 
skips to the 


at a cost of about three cents per ton. The smelter bins, three 


on a three-rail track deliver the ore smelter bins 


rail track and shaft buildings are shown in Fig. 2. 


Sampling and Analysis of the Ore 

The analysis of the ore varies widely from different parts of 
the mine. A sample is taken by two revolving buckets which 
catch the falls 
veyor belt, and delivers it to the sample bin, also at 


ore as it from the picking belt to the con 


the head 
of the gravity tramway. This sample is allowed to accumulate 
until one of the 150-ton smelter bins is full; then the sample is 


lowered to the sample house near the bottom of the tramway, 





and, second, because of a less mountainous 


oad 


(Operations 


wagon 


may be classed under four heads 


Power Plant, Mining, Sorting, and Smelting 


Power Plant 
Che power plant consists of a boiler room, engine 
om, and machine shop. The boiler room contains 
three 150-hp return-tubular boilers and the necessary 
pumps The 


engine room contains a Franklin cross-compound ait 


al bunkers, feed-water and heater 


mpressor, size 16-27-24-14 x 18, capacity of 110 

ft. per minute; one small Ingersoll-Sergeant and 
ne Rand air compressor, both of which are seldom 
sed; one 125-hp Nordberg Corliss driving a Root 

wer of &5 cu. ft. air per revolution, at an averag« 
ved of 98 r.p.m.; one General Electric Company 
110 volts, or 450 
sed for lighting, and one Harrisburg Standard en 
ine direct-connected to a Crocker-Wheeler genera- 
kw, 250 volts, 300 amp. at 275 The 
achine shop contains the necessary lathes, drill 


arine generator, amp., r.p.m., 


r, 75 


r.p.m 


resses, shavers, and, in fact, everything necessary 
) an isolated camp. 

Coal is brought by wagons from the company coal mine. 
vhich is about sixteen miles north, at a cost of $3.50 per ton 
the haul. Water is obtained from the company well and 
ump house at San Pedro. This plant pumps the water about 
wo miles through an elevation of 1000 ft. tc two general sup- 


ly tanks situated above the smelter site. The water contains 








LOOKING FROM SMELTER BINS TO MINE SHAFT AND PICKING BELT 


where it goes through the usual process of crushing, coning, 
quartering, etc., to pulp. 

Analysis of the ore by treating with acids and fusion varies 
The treatment with 
acids gives an erroneous result, due to the garnet which is in- 
soluble and holds up as much as 50 per cent of the SiO,, Fe 


widely as is seen by the tables below. 








> 
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and CaO. The following analyses by acids and fusion were 


made on the same samples of ore 


Wit Acips FUSION 
4 
\ 
SiO i CaO SiO Fe Ca) 
5 8 10 2 14.0 22.9 
) 2 x 8 20 .¢ 19. ¢ 
) » 2 ».8 8 18.4 21.3 
: ] 1 43 1S 1 1¢ ; 
i 8 8 4 41.2 10.0 20.1 
S 1 g 1 ] 4 rt 8 11.9 18 
g j 11 2 
( er Avera 4.2 
r Avera 


of different bins on con 
the 
as the metallurgist is 


Che above results are representative 


ecutive days, showing the variety of ore from mine and 


the acid analysis so far 


this plant show few 


sition being generally used 


records at very 


a id dec¢ mp 


furnace charges were never 


the frequent “freeze ups” and small 


tonnage in the past \ comparison of results is given later 


Good Results from Obsolete Type of Furnace 


(he furnace used here is very much out of date. though good 
results can be obtained by watching it closely. It is composed 
f twelve jackets, six of which are steel side and end jackets. 
and six cast-iron bottom jackets The side jackets are o ft 
x § it.; the end jackets are 9 ft. lone by 4 ft. 5 in. on the 
bottom and 6 ft. 5 in. on top The jackets are straight, with 
five tuyere holes in each side jacket the same diameter as the 
tuyeres themselves, which is 6 in. There is no bosh whatever. 


all the 


tuyeres point upward 


t s e extent vhich helps the fire t the surface of the 

rge ft great less degree The lower cast-iron jackets 

re 12 1n. high and set on 2-in. bottom plates which are held in 

la \ screw iN he intermittent ta s used or th 

le f the furnacs | two front lower jackets allow the 

S t t ‘ Ited to the bottom plates. On top of the steel 

ickets rests an 18-in re-brick wall, 2 ft. high to the botton 

2-1in. cast-iron plates or slips whi ire on an angle of about 

15 deg This also cuts down the furn shaft, as the furnac 

s seldom led above the top of the jackets This gives a 
shatt of t 7 ft 


Improved Water-Cooling for Jackets 


During previous smelting operations the water always ran 
hot. There is no doubt about this when the jackets are seen 
r they are all very badly warped, due to improper cooling, 
vhich, by the system of piping that was in, could not be 
helped \ 4-in. supply pipe reached the furnace on one end 


from which point it served only three sides of the furnace. On 

both ends of the furnace (it is tapped on the side) two 2-in. 

| pipes extended from each side of the 4-in. supply pipe to a 
branch tee from which six 1%-in. pipes supplied half the fur 

nace The overflow pipes were closed to within ™% in. with 

scale [hese were all removed and the 4-in. supply pipe ex 

tended around the furnace, giving a direct flow to each jacket 

There has been no trouble from boiling water since. Overflow 

pipes empty into a 4-in. pipe at the four corners of the fur- 

nace from whence it goes to a general sump tank where all 

overflow water is collected from the plant. From here it is 

pumped to a cooling tower, an elevation of about 100 ft. This 

tower has a receiving tank beneath which furnishes the pres 

sure for the furnace where the water is again returned to the 

; tower. Fresh water is supplied from the high pressure tanks. 
The lining for the furnace bottom is composed of a layer 

i of old broken brick to a depth of about 2 in. On this is 
tamped a mixture of damp flue-dust, coke-dust and adobe to 
a depth of about 6 in., sloping toward the tap hole where it is 
; in. thick. This bottom gives very good results, is cheap, 

quickly put in and takes no longer to dry out than a brick 
i hottom. Matte occasionally eats through but is quickly stopped 


The 


and has not caused any bad results to the furnace plates 
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furnace breast is bricked up with two courses of fire-brick 


placed on edge. This breast is found very convenient at times, 
when we have no sulphide to hold the matte, except the litti 
sulphur in the ore, and the matte is partly reduced to metallic 
copper, thus building up the furnace bottom. Then find 
ourselves breaking through the brick breast to tap as high as 
possible under the jackets. 

ft. by 4 ft. by 4 ft. 4 in. outside. These w« 
line with fire-brick on edge in bottom and on the sides. The 
with the fire-brick, red brick 


we 


Our settlers are 7% 


sides are lined up about 2 ft 
and bats being used for the remainder. The settlers are tapped 
on the sides for matte, which drops from a short spout to a 
truck car on which are five moulds each holding about 150 Ib 


Thes« 


a cable and small hoist which 


of matte. The slag runs off in a spout to 5-ton pots. 


pots are drawn to the dump by 


is located near the end of the dump. In summer the hoist is 


operated by compressed air; in winter by steam. 


Results of Former Operations 


rhe method of feeding under former management is seen 
a glance from the following data which are taken from the 
hest month's record during 1907 
( arges Charge ( arges Charge ( 
Ore I Ore l estone Fl Dust Cok 
iit 2600 Zit 40K 22 (a 4K f 14004 Ot 40 
fa 2000 18 400 Bier 40K (1500 17 40 
$2 2600 42 200 12 400 21@ 1 ( 63 40 
ita 2600 fa 500 tie § ti} “ ti 3 
& (2.2600 ime “ ¢ ") ( 
$6 (a 260K bia 500 42¢ 2 ’ HVa 
This gives a good idea of the method used. If the furna 
froze it was cleaned out as quickly as possible and blow: 
iain on the same charge The records show very sma 
leviations from the above. As no charges were figured at all 


the furnace was run by guess, with frequent freeze ups 
Some f the slags and mattes produced during the sa 
period on nsecutive days are as follows 
0) Fe) Cal) ( \ 
49 2? x & j 
4 2 2 
; 24.2 72 8 . 
44. 27.9 19 ) 
15.0 19.2 28.2 1 8 
12.4 18 29 
44.9 20 27.4 s 
41.9 2 2 6.8 
The correctness of these slag analyses is not known. Mor 
or less metallic copper was made 
Results of Present Operations 
Following are some results we have obtained during the pres 


ent operation under the same conditions with the same flux: 


Charges Charges Charges Charges Charge 

Ure Iron Ore Limestone Flue Dust Coke 
58@. 18004 58@1704 58@180¢ 5811506 58@ 28 
60(@ 1800 60170 60(@ 180 60@150 6028 
7641800 76@170 76@180 76@@150 76.28 
771800 77@150 77200 77@150 77@28 
851500 85@100 85@@350 85(@28 
78@1650 78@100 78@350 78 2m 
75.2200 75@125 75@125 7S@ 32 
62@2200 62@200 62 @ 326 
72@ 2200 72@125 72200 72@ 33% 


the same dates give the following results 


Slags under 


SiO FeO CaO Cu Matte 
40.3 23.¢ 29.1 

41.1 23.6 29 2 

37.5 25.4 28.0 

38.8 23.2 28.4 70.4 

36.5 21.2 31.9 74.4 

37.1 20.8 33.5 78.8 

39 4 17.3 33.2 62.0 

38.0 17.8 35.2 62.9 

38.7 17.8 34.4 70.0 
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Slax Average Cu S SiO FeO CaO AleOs MgO 
September 0.60 | 0.2 37.7 17.0 33.1 9 0.7 
October 0.69 0.15 38.7 20.6 29 8.2 0.7 
November 0.53 | 0.21 37.8 22.2 29.9 6.9 0.7 
December 0.53 | 0.31 37.5 21 32 6.2 0.9 
Note should be taken of the copper slag loss due to small 


settler and intermittent tapping. 


| 
TeV 


rec 


Feeding the furnace is all done by hand 


carry 


Analysis of Fluxes 


mO Pe CaO Ss 
(oxide , 0 Oo 
e Rock 10 2 
ille St Iphi 0 40 0.0 


eadville sulphide has been obtained only during the past 
vy months which allows us to make a 50 per cent. matte and 
luce the slag loss. This is quite an item of saving 


The ore cars which 


the ore and fluxes from the individual bins are trammed 


hand to the charge floor where they are dumped on plates, 


one on each side of the furnace From here two men shovel 
it into the furnace. Before we obtained Leadville sulphide two 
charges were fed at a time, one on each side of the furnace 
We tried this method at first with the sulphide, by mixing the 


sive about a 50 per cent matte. We found this gave 


s only iS per cent to 20 per cent of the sulphur, for our 
harge in the furnace is usually hot on top. Now the charge 

allowed to go down about 2 ft. when enough sulphide for 
four charges is put in all at once and covered with four charges 


] 


f ore and flux as quickly as possible This method gives us 
bout 30 per cent sulphur. Our flue-dust ts drawn from th 
st chamber, mixed with about 20 per cent water and fed be 
re the ore his is weighed to give 200 ib. net and is very 
satisfactory Our blast pressure averages 14 f mercury 
Our matte is weighed at the end of each shift and then piled 
iwav to be shipped 


Cost of Labor and Transportation 





Shifts in the mine, picking belt and surface gang are 10 hours 
hile those in the smelter and engine room are 12 hours. Mexi 
n labor is used entirely 
> ‘ Mone Othe 
P $s ( Mac er $3.00 
ers $0 Machi elpe 2.50 
ers 2.70 Muckers 1.75 
it me 2.25 Blacksmith 4.00 
thers 2.11 All general ) 1.7 
abor } 


ry, together with complete steel foundry equipment 









We 
a Rumely oil traction engine drawing two 10-ton 
icks and an These have 


\ll hauling by wagon from Stanley costs $4.00 per ton. 
w have 
American-La France Motor Truck. 
duced the cost of hauling to $1.50 per ton 


Yan Pedro, N. M. 





The First Electric Steel Casting Plant on the Pacific 
oast—The Washington Iron Works, of Seattle, Wash., 
inufacturers of mill, mining, and marine machinery, are in- 
alling a three-ton Girod electric furnace in their new foun- 
the 
This company makes a 
ecialty of logging and hoisting engines. This will be the first 
ctric steel casting plant on the Pacific Coast 


for 
anufacture of high-grade castings. 


The Colorado School of Mines senior class is taking the 
nual trip of mining and metallurgical inspection, having left 
enver on April 21, and planning to return on May 21, two 
VS prior to commencement exercises. The itinerary will in 
ide prominent mining and metallurgical districts in Colorado, 
tah and Montana. Seven members of the faculty and seventy 
idents comprise the party, which is traveling in a special 
iin 
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Note on Cold-Junction Corrections for Ther- 
mocouples 
By Paul D. Foote 


Ordinarily, in the laboratory use of thermocouples cold 


junction is kept at a standard reference temperature such as the 


the 


melting point of ice, while the hot junction is placed within 
the furnace or substance the temperature of which is desired. 
However, for technical purposes and general commercial use, 
it is not always convenient to have an ice box at hand. For 
this reason it is desirable to work with the cold junction at the 
temperature of the room. This necessitates a knowledge of the 
corrections to apply to the indicator readings, provided that the 
the with the 


standardization of carried out 


cold 


pyrometer were 


junction at some temperature other than that used in the 


technical works. The importance of these corrections is real- 
ized when one considers the large range of the cold-junction 
temperature, which in practice frequently varies from 10 t 
100 4 

In order to obtain the temperature corresponding to an 






Temperature 








Pe | & L/lectromotive force 
‘on Z - 
Fit I ILLUSTRATING THE SHIFT OF THERMOCOUPLE CURVE W H 
A CHANGE Ol rHE COLD-TUNCTION TEMPFRATURI 


value of the emf observed when the cold junction is at a tem 


perature of to” C. from the relation « f(t) computed on thi 


basis that the 
add to the observed emf the value of the emf developed when 


cold junction is ut 0° C., it is only necessary to 
and the hot junction is to” C., a 
the 


the cold junction is at o° C 
number which is independent of the temperature of fur 
nace. However, many pyrometer galvanometers are calibrated 
to 
corded 
grees, and this quantity for any given value of the cold junc- 


read temperature directly and have no scale of emf re 


One must then express the correction in terms of de- 


tion will depend, of course, upon the temperature of the hot 
junction, for the reason that in general the relation between 
temperature and emf is not linear. A table, accordingly, might 
be prepared stating the corrections to be applied to the tem- 
perature observations for all values of the hot-junction tem 
perature and all variations in the temperature of the cold 
junction. 

The usual method of obtaining the cold-junction correction 
consists in multiplying the value of the cold-junction tempera- 
ture by certain empirical factors. R. Vogel’ computed these 
a Heraeus (Pt, g90Pt-10Rh) couple having a cold 
50° C. Offerhaus and Fischer’ have calculated the 
several types of couples. 

[his method of correction for cold-junction temperatures 


may be derived in the following manner: 


factors for 
junction of 
factors for 


IR. Vogel, ZS f. Anorg. Chem., 1905, 45 
2Cornelis Offerhaus and H. Fischer, 
Sept., 1908, pp. 362-364 


Electrochem. and Metal. Ind., 





RE OG A 2 Re 


330 METALLURGICAL AND CHEMICAL ENGINEERING Vor. XI, No. 


Derivation of the Slope Correction.—Let e and ¢ be the 
observed emf and corresponding temperature when the cold 
junction =o0° C, 

e, and t, =the observed emf and temperature when the cold 
junction = te” C. 

lor any thermocouple 

f(t) (1) 
then for any value e, 

f(t,) (2) 
But ¢e=e,+¢o0 where eo = f(to) —emf developed when the 
hot junction = fe° and the cold junction = 0° C. 

Substituting in (1) 

f(t) (3) 
From (3) 
t= (e¢, + éo) 
From (2) 
t, = (e,) 

Denote by p the correction to add to the observed temperature 
when this value is read from the plot of a couple calibrated 
with its cold junction =o° C. 

> (¢, + &.) —¢@ (é1) 
a° 

o”(e,) +4 . —o(e,) 


o(e,) + e0¢ (e,) 


éo?'(e,) provided eo and to are small in compari- 
son with ¢, and f, 


¢ fo dt, 
hence p - ’'(e,)?(eo) 


ies ta to 
(eo) de, 


to approximately 


This equation, therefore, states that in order to obtain the true 
temperature (f) it is necessary to add to the observed tempera- 
ture (t,) the quantity obtained by multiplying the temperature 


of the cold junction (to) by the ratio of the slopes of the 


calibration curve at the origin and at the temperature (1,) 
de 


The derivative is but approximately equal to the 
at 


fo 
quantity —— 


and becomes less so the farther t» departs 
¢(e0) 


from zero. As seen from Fig. 1, is more exactly the 


mean slope of the calibration curve from 0 to fte® C. Using 
this value the single term slope correction becomes 

de 

di 0o—to 

de 

dt 


to 


[he mean slope of 0 to to may be determined accurately 
enough by assuming some value of fo in the neighborhood of 
the actual value of the cold-junction temperature, such as 30 
C., and computing the mean slope from 0° to this point, £.<., 
the value of the emf observed when the cold junction is at o° 
and the hot junction 30° divided by 30. This form of the cold- 
junction correction requires but a single measurement of the 
emf at room temperature, whereas the usual form of correc- 
tion practically necessitates a knowledge of the curve at sev- 
eral points in order to evaluate the slope at 0° C. The three 
forms of cold-junction temperature correction may be sum- 
marized thus 


2 
, . fo = 
Form I p fo? (e,) + p (e,) +. 


éo" 
-—— $*(¢,) + 
n 


Form II 


de 


dt 
Form Ill p 


de 
dt 1 

Form I is the correct expression of the cold-junction correc- 
tion. 

Form II is the approximation in general use. 

Form III is the approximation which should be given prefer- 
ence over Form II. 

Magnitude of the Cold-Junction Correction.—lig. 2 illus- 
trates the magnitude of the true cold-junction corrections for 
P, a (Pt,90 Pt—10Rh) Heraeus couple having for its tem- 
perature-emf relation the equations: 

e X 10° = 56.04t -+ 0.054347 0 to 100° C, 
and 
e X 10° = — 2820 + 80.71t + 0.01694%7 300 to 1500° C., 

where e is expressed in millivolts. These curves represent the 
true correction, Form I, for four observed hot-junction tem- 
peratures, and with the cold-junction temperature varying from 
0 to 100° C. It is seen that the amount to be added to the 
observed temperature may reach a value as high as 60 or 
65 Centigrade degrees 
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FIG, 2.—TRUE CORRECTION VS. COLD-JUNCTION TEMPERATURI 


Errors in the Slope Corrections.—How closely Forms II 
and III express the true corrections for the cold-junction tem 
perature depends upon the form of the function ¢= f(t). In 
asmuch as the series in Form I is frequently only slowly con 
vergent a more convenient method than evaluating each tern 
was used for determining the errors in the approximation cor 
rections. 

Several of the Bureau of Standards’ thermocouples wer: 
calibrated (cold junction =o0° C.) from o to 1500° C. Assum 
ing the temperature of the hot junction so regulated that an) 
definite value of the observed emf developed by the coupl 
remains constant whatever the temperature of the cold junc 
tion, the emf’s for a cold junction 0° C. were obtained by addins 
to the observed value the emf readings between o and 100° ( 
The temperatures corresponding to these new emf’s were com 
puted and from them was subtracted the temperature corre 
sponding to the observed emf. The differences are the true co 
rections to be applied to the observed temperature for a serit 
of cold-junction temperatures. This operation was repeate 
for several different observed values of the emf. The slop 
corrections were then computed for the same points. 

Fig. 3 presents the errors met with in the application of tl 
slope corrections, Forms II and III, to P, (Pt, 90 Pt— 10 Rh 
The upper group of curves shows the amount to be added ' 
the slope correction, Form II, to obtain the true correctio: 
The largest error is 5°, with the hot junction at an observ: 
temperature of 400° and the cold junction 100° C. The lowe 
group of curves represents the corrections to apply when th 
slope correction is computed on the basis of the mean slo} 
from 0 to 30° instead of 0° C., Form III. The errors are a 
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somewhat smaller in this the maximum being 3°, and 
hence, in general, the correction according to Form III is te 
be preferred. 

Similar curves were obtained for Ps, a Johnson and Matthey 


(Pt, 90 Pt 10Rh) couple having the equations 


case, 


e X 10° = 63.86 +- 0.07343¢° oto 100° C. 
e X 10° - 4934 + 99.06t + 0.01594f" 300 to 1500° C. 
Fig. 4 illustrates the errors found in the use of the slope 
' 
+o) 
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; leoe 3 
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Temperature d Cold Junction CT 
Fi¢ 2 ERROR N SLOPE CORRECTION 
corrections with W Chis couple, which was obtained from 
Pellin, and supposed to have the composition (Pt, 90 Pt — 


io lr), had a temperature-emf relation expressed by the equa- 


tions 
é 10 84.76t +- 0.16037" oto 100° C. 
‘ 10 62600 130.2 0.033812" 300 to 1500° ( 
The maximum error found for Form II is about 10° with 
the hot junction at an apparent temperature of 400° and the 


ld junction 100° C. The lower group of curves is computed 
n the basis of the preferred form of the slope correction, 
Form III. The maximum error in this case is 6 

For a copper-constantan couple of Adams and Johnston’ 


aving the equation 


e (microvolts) 38.105¢ +-0.04442t° — 0.00002856?* 


applicable over a range 0 to 350° C., the ordinary slope cor- 


ction, Form II, is an error from o.1° to 0.5° when the cold 


nection varies from 0 to 20 With a cold junction of 20 to 


too amounts running 
Form III applied to this couple shows correc- 


ns somewhat nearer those given by the true correction term, 


so this slope correction is small by 


m 0.5 to 2°. 


rm I 

Applicability of Slope Corrections.—If the coupies ex- 
nined are typical of all ( Pt, go Pt — 10 Rh), ( Pt, 90 Pt — 10 Ir), 
copper-constantan couples, one may conclude that for values 
the cold junction from oto 50° C. in the case of the platinum- 
tinum alloy couples, and from o to 20° C. in the case of the 
er-constantan the III, is 
ly applicable, and is not in error by amounts greater than 
precision attainable with the ordinary pyrometric galvanom- 
For all technical work it is sufficient to add to the gal- 
meter temperature reading the number obtained by multi- 
p! ing the ratio of the mean slope from o to to and the slope 
he observed temperature (t,) by the temperature (fo) of 

cold junction. 
he ratio of the slopes are given in the form of numerical 
rs for thermocouples tested at the Bureau of Standards, 
to all technical purposes are alike for similar couples. 
ir determination requires only a rough temperature-emf 
ration made independently of the pyrometer indicator. In- 
stead of a table of figures, the observer need remember but 
t or three numbers applicable over all ranges of the cold- 
junction temperature. Thus in the use of P* with any type of 
galvanometer indicator it is sufficient in ordinary pyrometric 


couple slope correction, Form 







we H. Adams and J. Johnston Am. Jour. Sc., Vol. 33, June, 1912, p. 
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work to correct for the cold-junction temperature, to° C., by 
adding to the observed temperature, ¢,° C., the amount 0.6to 
from 400 to 700° C 1400° C., where to 
is less than 50. If closer accuracy is desired, a number of slope 


and 0.5fo from 700 to 


as given in Table 
I, second column, or preferably the third column 


values computed to another significant figure 
must be used, 


and the corresponding corrections shown in Fig. 3 applied 


For the highest attainable accuracy a potentiometer is re- 
quired, and the emf corresponding to the temperature of the 
cold junction is added to the emf reading of the couple 
Taste I—Temrerature Centicrape vs. Cotp Junction Factor. 
P; (Pt, 90 Pt—10 Rh) 
Observe : . , 
lremperature — } ( } ; 
~. late | +} og (at) seo \dt)s 
401 ) 1 
00 7 ) 1 
600 5 9 
700 7 
800 52 4 Sé 
900 { 2 + 
1000 49 0 $2 
1100 is 49 51 
1200 4° 4) 49 
1300 4 4 48 
1406 4 ‘ $7 
The second column show the factor by which the value of the old yunction 
temperature must be iltiplhied when using the old type slope correction, 
form I] The third lumn contains the factors computed 1 the pre- 
ferred form of the slope correction, Form III. The fourtt 1 shows the 
factors when the couple is calibrated with the cold junction at 30° C. and used 
with a cold-junction temperature not far from 40° ¢ 





Slope Correction When the Couple Is Calibrated with 
the Cold Junction at a Temperature Other Than o° C.— 
Many thermocouple pyrometers are so that it is 
impracticable to calibrate them with a cold junction at o° C. 


constructed 


Suppose the standardization were carried out with a cold junc- 
tion of ,te = 30° C. and it is desired to use the couple near a 
Proceed- 


ing by a method similar to that shown in the derivation of the 


furnace where the room temperature is ,fo = 40° C. 


ordinary slope correction we now obtain the correction term 





€o 2 
Pp -—— P? (é@2) (.to —,lo) 
to ito 
where ¢'(e,) is the slope at the point corresponding to the 
o . . : ; 
<a 
9 ~ + + = + —+ —+——- r+ 
CT oe —--- #-—— -+— —-- —+——- + oo 4 4 _4” 
Pa 
@ 
a 4 + + SS ee ee a a ae 








A / 
—_—_+— ee ee ae a ae ae ed 
| ; } 


i 
Observed temperatures *C 








*C fo add fo slope correcnon 
te 
deme 
4 
































J. 
| l “oy 
2 + 4 
| j 
| 
; > —+—_—_—__——__+-— — 
. ae a T 
| 
| | 
’ = | iL —— a Dapmeenmmes 
o - ~ a bo ~~ ae 


+“ 50 ry =) 
Temperature of Qld sum toa *C 
FIG. 4.—ERROR IN SLOPE CORRECTION 


observed emf, and eo = the emf developed when the cold junc- 
tion is at the temperature ,to and the hot junction to, or: 


de 
L > 

= te— 

b oe (,to — 30) 
dt J, 


where fo is not far from 40, t, being the observed temperature, 
corresponding to @,. 


METALLURGICAL AND 
Chis equation, therefore, states that in order to obtain the 
true temperature, /, it is necessary to add to the observed tem- 
perature, ¢,, the quantity obtained by multiplying the difference 
in the temperature of the cold junction used in the standardiza- 
tion, ,fo = 30, and during any observation, ,to = 40, by the ratio 
of the mean slope of the calibration curve from 30 to 40° and 
The mean slope from 
30 to 40° is obtained by dividing the emf observed when the 
cold junction is 30° and the hot junction is 40° by 10. The 
factors for Ps; used in this manner are given in Table I, col- 
umn 
Reduction to Fahrenheit 
referred 


the slope at the observed temperature 


tour 
Scale.—All the 
are given in degrees Centigrade. 


temperatures 
The con 
When 
the couple is originally calibrated with the cold junction at the 


to above 
version to the Fahrenheit scale occasions no difficulty. 
and used with the cold 
the 
obtained by 


temperature of melting ice, 32° Fabhr., 


the Fahr., actual 
the hot 
served temperature, ¢,, 
instead of ¢.K, where K 


ticular 


junction at temperature, f, tempera 
the ob 
32)K, 


the 


ture, ¢, of junction is adding to 
the value of the product (to 
is the correction factor at par 
the couple is 
Fahr 
Fahr., the 


temperature, ?¢ 


observed hot-junction temperature. If 


calibrated with the cold-junction temperature of ,to and 
used with the cold junction at a temperature of to 
correction term to be added to the observed 
same form as before, 
pb = (.to — ,to) K’ 

where K’ is the factor computed from the mean slope between 

and to, The 
values of and 4 


while the abscissae are 


has the 


and the slope at the observed temperature 


the ordinates for the curves in Figs. 2, 3, 


should be increased by the factor 9/5, 


directly converted to the Fahrenheit scale. As an example, in 


TEMPERATURE FAHRENHEIT VS 
FACTOR 
90 Pt 


TABLE II COLD JUNCTION 


P; (Pt 10 Rh 


the case of Fig. 4, the ordinates will lie between the o and 18, 


the abscissae between 32 and 212° Fahr., and the observed tem- 
peratures of the hot junction become 752, 1472, 2012, and 2552 
Fahr In Table II the 
P; (Pt, 90 Pt—10Rh) for a series of observed temperatures 

Fahr. These follow directly from Table I. 
umn shows the factors computed on the basis of the old slope 
correction, Form II. The third column contains the 


computed from the preferred slope correction, Form III. In 


are given correction factors for 


The second col- 


tactors 


TABLE III.—CORRECTION TO THERMOCOUPLE SCALE 


Correction to 
Add Degrees 
Fahrenheit 


Thermocouple Correction to 
Scale Add Degrees 
c Centigrade 


Thermocouple 
Scale 


600-2200 
2400 
2600 
2800 


300-1200 
1300 
1400 
1500 


the fourth column are given the correction factors when the 
couple is calibrated with a cold-junction temperature of 86° 
Fahr. and used with the cold junction not far from 104° Fahr. 

Conversion of the Thermoelectric Scale to the Standard 
Temperature Scale-—When the ordinary parabolic equa- 
tion e—a+bt+ ct’ is applied to a (Pt, 90 Pt—10Rh) or 
(Pt, 90 Pt—t1olIr) thermocouple standardized at three tem- 
peratures, the melts of zinc, antimony, and copper, the curve 


CHEMICAL 


ENGINEERING Vo.. XI, No. 6 
extrapolated to 1500° C. differs somewhat from the temperature 
shown by the gas thermometer. This is treated in full in “The 
Measurement of High Temperatures,” pp. 112-116 loc cit, bat 
may be briefly summarized in the following table, which holds 
approximately for the usual type of platinum, platinum-iridium, 
and platinum-rhodium couples. 

P, and W; is on the 
Hence temperatures higher 


The above discussion of couples P,, 
the thermoelectric scale. 


Fahr 


basis of 
than 1200° C. or 2200 should be further corrected in ac- 
cordance with Table III. The order of applying the cold junc 
tion correction and the above correction is of little importance 
both Couples calibrated by the Bureau of 
Standards Table III so that the 


temperatures indicated by them accord with the established gas 


since are smal! 


are corrected as shown in 
thermometer scale. 

Devices for the Elimination of the Cold-Junction Cor- 
rection.— Various proposed for the 
elimination of the cold-junction corrections. If a coil of copper 
wire were shunted across the terminals of the thermocouple in 
the head of the instrument, an increase in the temperature of 


methods have been 


the cold junction, ordinarily producing a decrease in the ob 
served emf, would increase the resistance of the shunt and thus 
tend to compensate for the effect 


thermoelectric However, 


for exact compensation at all temperature ranges, a coil of wire 
would be required of which the resistance is a function not only 


of its own temperature, but also of the hot-junction temper 
ature. This, of course, is impossible to realize in practice, but 
the method might be applied as a partial correction 

Bristol* base metal couples are provided with extension wires 
which permit the location of the cold junction in a constant 
temperature room some distance from the furnace. Bristol has 
also devised an automatic compensator consisting of a bulb of 
mercury into which a loop of platinum wire dips. This is in 
serted in the circuit near the head cf the couple so that the 
variations in the cold-junction temperature cause the mercury 
to expand or contract and short-circuit different lengths of the 
wire loop, thus altering the resistance with a result somewhat 
mlar to that obtained by the use of a shunt coil. 
Hartmann and Braun have the cold-junction head jacketed 
in order that a stream of water may be used to keep the head 
at an uniform temperature 

The Crompton Company use a multiple scale on their gal 
vanometers so constructed that the pointer reads directly th 
temperature of the furnace, each scale corresponding to som« 
definite value of the cold-junction temperature 

Several instrument makers have tried interposing a supple 
mentary thermocouple circuit of inexpensive material, the ho 
junction being located at the cold end of the main thermocoupl: 
and the cold junction at the galvanometer, some distance away 

Possibly the most simple 
ployed by Siemens & Halske, and one or two other firms. Her 
large 


compensating device is that em 


the galvanometer indicator has a zero adjustment s 
constructed that the pointer may be set, on open circuit, at tl 
temperature corresponding to that of the cold junction, t! 
graduations having been previously empirically determined f: 
the given thermocouple. 

All of these methods possess certain advantages, but many 
them are open to the objection that they are cumbersome a: 
frequently liable to introduce new errors. Attention 
well be given to the more careful construction of the indicati 
Many galvanometers have a temperature coef 
cient so large that small variations in the room temperatu 
affect the readings to a marked degree. This may give rise ' 
errors as large as those commonly found for the cold-juncti 


mig! 


instruments. 


temperature. 

It is, moreover, needless to mention that the ordinary ind 
cator should not be used in close proximity to other magnet 
instruments or to iron unless originally calibrated in that po 
tion. A simple trial will readily convince one that this preca 
tion is necessary. 


“The following and other methods of cold-junction compensation 
discussed in “The Measuremert of High Temperatures,” Burgess and 
Chatelier, p. 156, 3rd Ed., 1912, Wiley, N. Y. 














METALLURGICAL AND CHEMICAL ENGINEERING 


JUNE, 1913 


When due care is exercised to locate the galvanometer in simple thermocouple without any compensating devices what- 


such a position that its magnetic field is not disturbed by out- ever will prove very satisfactory. Acknowledgment is due Mr 
side influences and where its temperature is reasonably con- I. N. Kellberg for computing and drawing the curves shown 
stant, to occasionally recheck the thermocouple calibration, and and to Dr. G. K. Burgess for a number of suggestions 

to properly correct for the cold-junction temperatures, the Bureau of Standards, Washington, D. C. 





Heat Transmission and Entrainment in Vacuum Evaporators 





An Account of an Elaborate Series of Tests, by Prof. 
E. W. Kerr, in which the Effect of Various Elements on 
Heat Transmission and Entrainment was Analyzed. 





\ very elaborate series of tests of a vacuum evaporator with Louisiana State University and A. & M. College, at Baton Rouge, 


























especial regard to heat transmission and, secondly, to entrain La. Professor Kerr was assisted in this experiment by Mr. 
ment has been carried out under the direction of Professor A. J. Isacks. Assistance was also given in the experiments 
E. W. Kerr at the Agricultural Experiment Station of the by Messrs. H. A. Nadler, E. M. Copp, J. F. Gunther, A. Guell 
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FIG. 1. GENERAL ARRANGEMENT OF EVAPORATOR TEST. 
\—Entrance of Juice. B—Tanks for Weighing Juice. C—Valve for Regulating Juice Supply. D—Valve for Emptying Evaporator. E-—Gage 
ss for Observing Level of Juice. The Steam Enters Through Valve F, Expands Into Pipe G and Divides and Enters Through Pipes H Into the 
indria. I J K—Thermometers, L—Manometer, N—Vacuum Gage. M-—Wet Vacuum Pump for Removing Steam Condensed in Calandria. P—Bar 
on Platform Scales for Measuring Condensate. Q—Catchall or Separator for Catching Any Juice Carried Over by Entrainment. R—Surface 
ndenser, S—Wet Vacuum Pump. T—Connection to Dry Vacuum Pump (Not Shown). X and Y—Side Glasses for Observing Inside of Evaporato: 
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P. Denson Che complete account of the 


Bulletin, No. 138, of the 


experiments 
in Louisiana 


Station 


\gricultural 
lowing article 


ment Baton Rouge, La In the fe 


ve a summary of the experiments and results 


ce a triple or double effect is more complicated and more 


f control in than a single effect it was de 
use a sing | efiect 


operation 


evaporator for the experiments, but 


that both the 


the vapor space could be thoroughly 


it arranged s§ pressure of the steam 


the vacuum in 


nd made any desired and predetermined amount 


n this way, the pressure, vacuum, 


conditions as regards steam 
be 


etc., of either dy of a multiple effect could 


the test which, with the 


n, will be easily understood 


he arrangement of 


n in the capti Originally 


intention to supply a pump with which to 


the 
finally 


remove 


om the evaporator in manner usually em 


decided, however, 
but to 
eq ial to 
this 


of the juice in the charge before the operation started 


rar factories It was 


the syrup during operation, supply water 


instead of juice to the evaporator at a rate that at 


which water is removed by evaporation. In manner the 


density 
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THE FOUR EVAPORATOR DESIGNS EMPLOYED IN THE 


TESTS 
without the use of a 
vapors was effected by means of the 
feet of 
cooling surface. Cooling water was supplied to the condenser 
from the mains of the Baton Rouge Water Works. The con- 
densed vapors were removed from the condenser by means of 
In most of the tests this pump was 
sufficient for obtaining the vacuum necessary though where 
more than about 23 in. was required it was necessary to use a 


could be constant 


kept 


The condensing of the 


syrup pump. 


surface condenser R containing a total of 150 square 


the wet vacuum pump S 


rotative drive vacuum pump, not shown in the figure, in addi- 
tion to the wet pump. With both pumps it was possible to 
carry a vacuum of 27 in. The suction pump of the dry vacuum 
was connected to the condenser as shown at T. The 1%-in. 
pipe attached to the bottom of the catchall Q was used for inter- 
cepted juice and condensation. By properly manipulating the 
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valves U this could be done while the evaporator was operating 


and under vacuum. Ihe temperature in the vapor space of the 


by means of the 


thermometer V_ in- 
other 
understood from the descriptions in the caption below Fig. 1 


Four 


in the tests as 


evaporator was observed 


serted in a deep thermometer well \ll details will be 


different arrangements of the evaporator itself were 


used shown in Figs. 2 to 5. Fig 2 shows the 


arrangement A of the evaporator body as first used containing 


So tubes, 13¢ in. in diameter and 24 in. long. The tubes were 


The 
the 


of copper and 18 gage B. W. G inside diameter of the 
The height of 
plate to top, was 6 ft. 

\fter the 


that 


body was 20 in. vapor space, upper tube 


decided 
and the 


experiments had been made it 


the 


first 
the height of 


was 


vapor space was tnsufhcirent 


design was changed to B as shown in Fig. 3, in which the 


height of the vapor space is 10 ft. Bell eye-glasses were added 


The height of the vapor space is the same in the designs Fig 


Che arrangement C of Fig. 4 shows an 
“down take.” There are 66 
: 24 in. long, 18 B. W. G. The 
take of 6 in. in diameter is made of copper 13 B. W. G. copper 
ul in thick, height of 


arrangement D 


j and § as in Fig. 3. 


evaporator be dy ( with copper 


in diameter down 


tubes, 14¢ 1n 
late 

e plates 

The 

] 


dy without down take 


1s (; 


; vapor space 10 ft 
Fig. 5 shows an 


shown in evaporator 


There are 39 copper plates, 2 in. x 48 
Copper tube plates in. thick, height of 


4 


vapor space Io ft 


lhe methods employed in making the experiments are de- 
scribed in the bulletin and extensive tables are given compris 
ing the total results of all the tests 

the 
transmitted 


In this article “coefficient of heat transmission” is defined 


as the “B.t.u foot of heating surface 
per hour for each degree difference of temperature of the two 


sides of the heating surface.” 


per square 
This temperature difference is 
called the “temperature fall.” 

Effect of Varying the Head of Juice on Evaporation 

Operating an evaporator with a high head of juice is detri- 
mental to heat transmission, and therefore to capacity, because 
This is due to the fact that 
the average temperature of the boiling juice is increased because 


it reduces the temperature fall 


of the increased pressure due to the weight of the liquid. 

The theoretical average boiling pressures and temperatures 
as affected by hydrostatic head may be calculated, provided the 
head of the juice H and the density of the juice are known 
Let us assume H to be 48 in. and the density of the juice to 
be 0.957, then a particle of water at the surface will be con- 
verted into steam under a pressure of the vapor space above 
the liquid, while a particle at the lower end of the tubes will 
be formed into vapor under the same pressure plus that due to 
The average 
pressure of boiling will, therefore, be that in the vapor space 
plus the pressure due to half the column of liquor—that is, 
24 in. The weight of 
0.957 is 0.035 Ibs 


the weight of the column of liquor above it. 


a cubic inch of liquor with density 
and the 


head is 0.035 X 24 = 0.83 lb. per sq. in., 


pressure per sq. in. due to 24 in 
or 0.83 — 0.49 = 1.69 in 
Hence the average vapor pressure of the juice will 
be 1.69 in. of mercury higher than the pressure in the vapor 
space above the liquid, and the effective boiling temperature 
will be correspondingly increased, and consequently the effec- 
tive temperature difference between the outside and inside in 
the evaporator will be reduced If a calculation of this kind 
is carried out for multiple-effect evaporators it is found that 
this greatest in the last effect the 
lower than in the preceding vessels. 


mercury. 


loss is where pressure 1s 

To determine experimentally the effect of the static pres- 
sure due to the weight of juice in reducing the effective tem 
perature difference which causes evaporation, three series of 
tests were made. The results of these tests are shown in Fig 
6. Curve A refers to tests made with the evaporator of Fig. 2. 
the steam pressure being 3.75 in. mercury, the vacuum in the 
vapor space 3 in. Curve B refers to tests made with the evap- 
orator of Fig. 5, the steam pressure being atmospheric and the 
vacuum in the vapor space being 8 in. 
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Curve C refers to tests made with the same evaporator 


(Fig. 5), but with a vacuum of 21 in. in the same calandria 


and a vacuum of 25 in. in the vapor space 

All three of these series were performed with water instead 
of juice for the reason that it would have been practically im- 
possible to keep the density of the juice constant, with varying 
depths, and this would have introduced a second variable which 


would have made it impossible to isolate the effect of “head.” 
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FIG. 6.—CURVES SHOWING THE INFLUENCE OF 
UPON HEAT 


HEIGHT OF BOII 


ING’ TRANSMISSION. WATER BOILED IN EACH SERIES 
The broken straight lines in each of the three curves, Fig. 6, 
show the theoretical variation of heat transmission with change 
of head, calculated 
through the highest point of the experimental curve in each 


as outlined above, this line being drawn 
ase. The ordinates in these curves represent pounds of water 
per square foot of heating surface per hour, per degree fall. 

\ (see curve A) it will be noted that the maximum 
capacity was attained with about 77 in. head—that is, 
surface of the liquid in the neighborhood of 


In series 
with the 
one-third the 
length of the tubes above the lower tube plate; in fact, the 
head for maximum capacity was better defined in this series 
than in the other two, for the reason that a greater number 
of tests were made with heads near that for maximum capacity 
However, it is clear that the highest point in curves B and C 
are both with heads between 12 in. and 18 in. and thus showing 
that the maximum capacity was obtained one- 
quarter to one-third the height of the tubes 

The curves show a very rapid decrease in capacity as the 
head is reduced below that giving the maximum capacity. This 
is due to the fact that with the low heads portions of the 
heating surface at the tops of the tubes are not effective, being 
incovered by liquid. The unsubmerged portion of the heating 
surface will transmit only a small amount of heat from the 
steam on the one side to vapor on the other side, which will 
superheat the latter 

It will be noted that all three curves are straight lines for 
heads greater than that for maximum capacity, and are thus 
similar to the theoretical in this respect. The fact that curves 
\ and B are lower than the theoretical indicates the actual loss 
due to high boiling to be greater than the theoretical. In A 
the maximum coefficient of heat transmission was 976 with a 
head of 7 in., whereas the minimum was 490 with a head of 
24 in—that is, a loss of 498 per cent. by increasing the head 
from 7 in. to 24 in. The actual coefficient was also 27.1 per 
cent. less than the theoretical at 24 in. head. Similarly, the 
lowest coefficient—that is, with 54 in. head—in B was 44.7 per 

ent. below the maximum and 31.8 per cent. below the theo- 
retical lowest. 

In C the minimum, at 54 in. head, was 42 per cent. below the 
maximum. The C series differed from the other two, however, 
in that the theoretical curve almost coincides with the actual. 
The reason for this is not apparent. In this series the average 


with heads 


evaporation coefficient was little more than half that in the 
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other two series and perhaps this may have had something to 
do with it 


The heads as recorded were measured in the juice 
gage glass. The level of the juice, as viewed through the sight 
glasses, generally appeared higher than shown in the gage glass, 
the difference depending on the rate of evaporation. It may 
be possible that the actual head was greater than that recorded 
with the higher rates of evaporation, which would account for 
the difference betwen the theoretical and actual 
and b; 


curves in A 
also for the coincidence of the two curves in C, where 


the rates of evaporation were relatively small 


Effect of Temperature Levels Upon Heat Transmission 


In order to get experimental data showing the variation in 
heat transmission at different temperature levels, three series 
f tests were made with the temperature in calandria varying 
between limits that would include the temperatures usually ex 
isting in the different calandrias of multiple evaporators 
These three series are designated A, B, 


Che 


and C, respectively 
\ series was made with the calandria having no down 


take and with tubes 1 


¥g in. x 24 1n. (Fig. 3); the B series with 
the down take calandria having tubes 13¢ in. x 24 in. (Fig. 4); 
and the C series with the 4-ft. calandria (Fig. 5). The aver- 


age temperature fall was practically the same in each series, 


the principal variable being temperature in calandria, or, what 


is the same thing, pressure in calandria. Alli other conditions 
were kept as nearly constant during a series as was possible 
The effect of temperature level upon heat transmission is 


It will be noted that the direction and incli 
nation of the three curves are quite similar, thus checking well 
that the last 
bodies of doubles, triples, and quadruples are as marked 2, 3, 
and 4 respectively at the top of the figure 
t8o deg. 


shown in Fig. 7. 


\ssume temperature in the calandrias of the 
that is, 190 deg 
also that 224 deg. is the temperature in 
the first body with either type. 


and 175 deg 


From the three curves we find that the average coefficient of 
heat transmission in the second body of a double effect would 
In the same 
manner, the coefficient of heat transmission in the last body 
of a triple would be about 60 per cent. and in the last body of 
a quadruple about 58 per cent. of that in the first body 


be about 65 per cent. of that in the first body. 
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FIG. 7.—CURVES SHOWING THE INFLUENCE OF “TEMPERATURE 
LEVEL” UPON HEAT TRANSMISSION. WATER BOILED IN FACH 
SERIES 
Four factors—viz., density of juice, cleanness of heating 


surface, air in steam, and density of steam or vapor—are pos- 
coefficient of heat 
latter bodies of a vacuum evaporator, but two of these factors 
were eliminated in these tests—viz., density of juice and clean- 
ness of heating surface. Water was used during all the tests 
so that the density (also the cleanness of heating surface) re- 
mained unchanged throughout the series. 

Thus the variation in the coefficient must be due to the varia- 
tion in the quantity of air in the calandria, or to the variation 


sible causes of low transmission in the 
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in the density of the steam or to both of them combined. It 
will be noted that the height in the three curves varies con- 
siderably. This is probably due to the fact that different types 


1f calandrias were used in the three series 
Effect of Air in the Heating Steam Upon Heat Transmission 

\s explained in the preceding chapter, decrease of heat 
transmission in the latter bodies of multiple evaporators may 
be due to low steam density, or the presence of air in the 
steam or to both combined 

In an attempt to get further data upon this question and to 
determine, if possible, the proportion of responsibility of each 
of these two factors, a series of tests was made to determin 
the effect of air in the steam supplied to the calandria upon th: 
coefhcient of heat transmission 

In all of these tests the vacuum in the calandria was con- 


stant at about 12.5 in. and the vacuum in the vapor space about 
22 in.; in fact, all conditions were kept constant, as nearly as 
possible, except the quantity of air with the steam in the 


To a casual observer it would have appeared that 


calandria { 


all conditions were constant. 
The amount of air in the calandria was varied mainly in two 


ways—viz., by varying 





the speed of the con 





9 


densate pump M (Fig 


% 


1), and, where it was 





* desired to admit large 





3 


quantities of air, by 





opening very slightly 
an air cock connected 





~ 
oe 


with the manometer L. 





The amount of air 





in the steam was 


a 
4 


measured as follows 





The temperature in the 





~ 
® 


calandria was obtained 





by means of the two 
\ thermometers (J and 


3 





K), one near the bot 





tom and the other near 





[ 
| 


the top. In prelimin 
ary experiments it was 





found that the average 





eC 


of the temperatures 
+\ recorded by these 

thermometers was of- 
ten lower than that of 


= elhennsil 
T saturated steam cor 
responding to the 





4 














Vserer EvaroRrared, Pounos PER SquaARE Foor PER HOUR 
































02468 
AiR PRESSURE IN CALANORIA, 
INCHES OF MERCURY 


pressure, as found in 
steam tables. It was 
also noted that this 
FIG. S.—-INFLUENCE OF AIR IN HEAT- difference was greatet 


ING STEAM UPON EVAPORATING when the condensate 
CAPACITY WATER BOILED IN ALL pump ran slow than 
TESTS when it ran at high 


speed, indicating that 
the presence of air had something to do with the reduced 
temperature in the calandria. It was also found that the tem- 
perature at the bottom of the calandria was often lower than 
at the top. The density of air is greater than that of steam, 
and the air naturally settles to the bottom, from whence it is 
removed by the condensate pump. 

The method by which the quantity of air was measured was 
based upon Dalton’s law, which states that “the pressure of 
a mixture of air or other gas and a vapor is the sum of 
the pressures each would have if it occupied the same space 
alone.” In other words, the pressure or vacuum gage on the 
calandria shows the sum of the pressures due to steam and 
air. The temperature of the steam is that corresponding to 
its pressure, hence if the temperature of the mixture is known 
it is easy to find the partial pressure of the steam by referring 


to a steam table. By determining the pressure due to the 
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steam in this manner and subtracting it from the sum of 
pressure as shown by the gage, the pressure due to the air 1s 
obtained. This method was used in the experiments, the aver- 


age of the tempera- 
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ei | tures at the bottom and 
- + the cal 
| 8 at the top of the Calan- 
dria being taken as the 
a ; 
» temperature of the 
t steam. 
soe iy . The most important 
‘ results of these tests 
* 
are shown in Fig. & 
(Evaporator, Fig. 2 
3 B| ° : 
= 400 Steam 12.5 in. vacuum 
a . 
3 Vacuum in vapor space 
3 a lee 22 in. Heat 12 in 
* 
KS \ ’ Water boiled in all 
& 300 A\’ tests. ) In order t 
} y fully realize the sig 
N Ne nificance of the curve 
. "4 of Fig. 8 and the data 
g from which it was 
~— 
« @00 plotted it should be re 
« 
¥ membered that the 
Q Cc 
readings of the calan 
dria vacuum gage and 
100 J vapor space vacuum 
Ox ss Se oC 


gage were the same 
AUR PRESSURE, INCHES OF MERCURY all ; } , 
FIG. 9.—CURVE A, COMBINED EFFECT or ‘ a! Of the tests 


“AIR FILM” AND DECREASED TEM In addition to vary 


PERATURE FALL. CURVE B, EFFECT ing the speed of 
“alm FILM.” CURVE C. LOSS BY RI the condensate pump 
DUCED TEMPERATURE FALI and admitting = air 


through a pet cock, in 
varying the quantity of air in the calandria the injection of 
water into the suction pipe of the condensate pump was also 


employed. In order to 




















get the most effective 
4 removal of air it was 
necessary to use myjec 
tion in this manner 
‘Vd Referring to the 
curve (Fig. 8) it is 
JS 





seen that the plotted 





points are very near 
the smooth curve, also 





that the decrease in ca 





pacity is very rapid 





= with small additions of 





air, the evaporation 





varying from 4 to 19 





pounds of water per 
square foot per hour 








due to changing the air 





pressure from 8 to o 
in. of mercury. An air 
pressure equal to 1 in 
of mercury caused th 
evaporation to be re 
duced from 19.2 to 14 
pounds—that is, a re 
duction of about 27 per 
cent. 
‘s The effect of air in 
a © ace ee reducing the coefficient 
FIG, 10.—REDUCTION OF TEMPERATURE Of heat transmission 's 
FALL AS AFFECTED BY AIR IN THE shown graphically in 
HEATING STEAM the curves of Fig. 9 
Curve A is based upon 
the coefficient of heat transmission calculated by dividing th 
B.t.u. transmitted per sq. ft. per hour by the temperature fall 
It is the curve of “actual coefficient of heat transmission.” 
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Curve B is based upon a slightly different calculation in that 
the 
case by the temperature fall obtained by subtracting the tem 


}.t.u. transmitted per sq. ft. per hour is divided in each 


perature in the vapor space from the temperature correspond 
ing to the pressure in the calandria instead of from the actual 
observed temperature, and will be designated as the “apparent 
coefficient of heat transmission” curve. 

\s will be seen, the reduction in capacity due to the presence 
of air is composed of two factors; viz., (1) a reduction in 
the temperature fall, as shown by Fig. 10, and (2) a reduction 
that is, a reduction 
of the coefficient of heat transmission due to the nonconducting 


film of air next to the tubes 


in the heat transmission per degree fall 
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Oensity of Steam, Pounwos rear Cvarc Foor 


I! INFLUENCE OF STEAM DENSITY UPON THE COEFFCIENT OI 


HEAT TRANSMISSION 


Curve B shows the latter quantity—that is, 


heat 


coemcient of 


transmission as affected by air pressurc Since curve 


total loss as affected by air 
the loss 


A shows the 
dent that 


resented 


pressure, it 1s 
fall is 
curves A 


evi- 


due to reduced temperature rep- 
by the between 


length of the ordinates 


ind 


C drawn. 
number of 


These values have been replotted and curve 


This curve, therefore, shows the reduction in the 


B.t.u. transmitted per sq. ft. of heating surface per hour per 


degree difference due to reduced temperature, with varying air 


pressures 


Effect of Density of Steam 


| 


In order to analyze the effect of the variation of density of 


steam on evaporation some fifty-eight tests with heat trans 
mission coefficients varying from 400 to 1100 and in which 
there was little or no air in the calandria were selected and 


efficients of heat transmission plotted against density of 
steam. The curve in Fig. 11 is the result 

\ll of the tests selected were made with water instead of 
juice. In other respects, however, there was some variation 


f conditions, especially as regards head and type of calandria 
For these reasons the points from which the curve was drawn 
scattered though the general direction of the 
curve is rather definitely indicated. 
Che density of the steam is usually, say 0.024 in the calandria 
of the last body of a triple effect, and, say 0.045 in the first 
ody. From Fig. 11 we find that the coefficients for these two 
lensities are about 560 and Soo respectively. This indicates a 
great effect attributable to density of steam. The general cor- 
11 was checked in another 


are pretty well 


rectness of the curve shown in Fig 
manner given in the bulletin 


Effect of Density of Boiling Liquid 

It is generally understood that the coefficient of heat trans- 
mission is greater with thin liquids and water than with denser 
liquids. This is, in all probability, due in part, at least, to 
the fact that with thicker liquids the circulation is not so good. 
Then, too, the resistance to the transfer of heat from metal 
wall to liquid is possibly increased by the greater amount of 
solid matter in the thicker liquids. 

In order to isolate the effect of juice density upon heat 
transmission, two series of tests were made in which an at- 
tempt was made to keep all other conditions constant. The 
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density of the juice was varied within limits that would in- 


clude densities iikely to be used in evaporators, viz., 8.8 Brix 


to 67.3 Brix. Series 4 was made with evaporator B, Fig. 3, 
that is, with the calandria having no downtake and with tubes 
13g in. X 24 in. Series B was made with evaporator C, Fig. 4, 


that is, with a calandria the same as the above except that it had 


a downtake in it. The results of these two series of tests are 
shown graphically in the two curves of Fig. 12. 

It will be noticed that the two curves are parallel, thus check- 
I hat 


the difference in the 


ing well curve B is above curve A is doubtless due t 
calandrias used, the former 
With the down 


take calandria-curve B, the coefficient of heat transmission tor 


form of the 
having a downtake and the latter no downtake 
densities of 10 and 50 are 750 and 625 respectively, that is, 
1: 0.83 

Since the lower curve is parallel to the upper one, the rat 
It should be 
reduction in heat transmission shown in this series is due 


to the 


is practically the same for it mentioned that the 
solely 
increased density of the liquid and not to any fouling o 
the heating surface The heating surface was clean in all 


the tests 


Effect of Superheat in Steam on Heat Transmission 


It is held by some that with superheated steam in the calan 


dria, the coefhcient of heat transmission is reduced. The super 


heat usually results when live steam is used, due to the reduc 


tion of pressure by throttling 


In order to obtain data regarding the effect of superheat, two 


series of tests were made, but the results of both tests seemed 


to prove conclusively that the coefficient of heat transmission 


Ace T d 


as exhaust 


is not affected by varying the superheat in the steam 
ing to this, live steam should give as good results 
; oncerned 


steam, as tar as capacity 1s 


Value of the Downtake 
“Most 


downtakes—that is, with a large central tube, the diameter otf 


evaporators of the standard type are now built with 


which depends on the diameter of the body itseif. Some few 


however, claim that there is little merit in downtakes 
The 


is that it adds in juice circulation 


this 


builders. 


and do not use them advantage claimed for the downtak« 


that is, it defines the path of 


circulation—and in way increases the velocity, the move 


ment being always downward through the downtake and upward 
through the tubes. Some few have claimed that the transverse 
area of the downtake should be equal to the combined transverse 
area of all the tubes. This, however, would result in a very lara: 


diameter of body and high first cost. In average practice th¢ 
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Density OF Jnl, DEGREES GRix 
FIG. I12.—INFLUENCE OF DENSITY OF JUICE, 
WITHOUT DOWNTAKE. CURVE B: 


CURVE A: 
EVAPORATOR WITH 


EVAPORATOR 
DOW NTAKI 


diameter of downtake for, say, an 11 ft. body would be 34 in 
to 38 in. in diameter and this would give the downtake a trans 
verse area of about 18 per cent of the total transverse area of 
the tubes.” 

In order to get data on this subject, two calandrias (Figs. 3 
and 4) were constructed, one with a downtake 6 in. in diameter 
and the other without a downtake. They were alike in every 


other respect. The calandria with the downtake had 66 tubes 
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in., the total which therefore, 
The 


of the area of all the tubes 


transverse area ot was, 


7.0 sq. in area of the downtake being 28.3 sq. in., was 


32 per cent 
Several made with these two calandrias 


make 


series Of tests were 


under conditions such as will comparisons of the heat 


transmission in them possible. The different tests given in the 
bulletin show clearly the value of 


the heat tr 


the downtake in increasing 


insmission coefficient. Fig. 12 given before shows 


this in the two curves B and A, in which A refers to the evapo 


downtake and curve refers to evaporator with 


vefhicients of heat 


rator without 


downtak The transmission for the calan 


drias with and without downtakes are, therefore, in the ratio 


on this subject 


quoted 


hout going into any further details 


the final ions of the authors may be 


calandrias, alike except that one had and the 
downtake, sh that the c 


“Tests 


other had wed efficient of heat 
downtake calandria 
the downtake 
a downtake, after accounting for 


the 


tranmission Oo per cent greater in the 


‘The n in evaporative capacity of 


calandria without 


the redu surface in downtake calandria, was 


r cent 


— , 
1s like y tl 


iat this increase of the transmission coefficient 


the improved circulation due to the downtake.” 


Dimensions of Tubes 

Tests upon two calandrias, one with tubes 134 x 24 in. and the 
other with tubes 2 x 48 in., seem to show that the coefficient of 
heat transmission was about the same in both 
tube probably has the advantage of more rapid 
while, on the other hand, it has 
be operated with greater juice 
oding of the heating 


he 48-in 
circulation than the 24-in. tube 
the disadvantage of having to 


head; perhaps also with greater water fi 
surface 
Entrainment 
any juice carried over by entrainment 
This 
separator used in the tests was the Swartwout separator of the 
Ohi It is shown in section in Fig. 13 

This separator is designed for use as an oil separator between 


As already explained, 
was caught in the separator or catchall Q (see Fig. 1). 
Blower Company. 
surface con- 
will be 
for which it 
similar to those 


engines and 
Thus it 
conditions 


steam 
densers seen 
that the 
was designed 
in vacuum sugar apparatus. 

The liquid from 
steam is effected by centrifugal 
force. The 
liquid upon entering the separator 


are 
separation of 


mixture of steam and 
is given a whirling motion by means 
of the spirals shown in the figure 
This causes the 
heavier liquid particles to be thrown 
to the circumference, from whence 
it drains down to the receptacle at 
the bottom. The liquid caught in 
the removed 


whirling motion 


13.—CATCHALL 


separator was from 
the separator during the operation of the evaporator, if neces- 
sary, by means of the two valves U and the long pipe. 

[he vapors passing on through the separator were condensed 
in a surface condenser, hence the condensed vapors were not 
diluted by direct contact with the cooling waters. This made 
possible more accurate determinations of the sugar lost in the 
same. 

The object of the entrainment tests was to determine the 
effect upon entrainment due to varying the rates of boiling, the 
height of boiling, the length and diameter of tubes, the vacuum 
and velocity of vapors in the vapor space, and the density of 
the juice. 

The results of these entrainment tests are summed up as 
follows: 

Entrainment was found to vary mainly with the weight of 
water evaporated per square foot of heating surface per hour 
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(rate of evaporation) with the height of boiling and with the 
dimensions of the heating tubes 

With the downtake calandria the maximum entrainment was 
at the rate of 27.5 pounds of juice per hour, with an evapora- 
6 and a juice head of 26 in. 
With low heads (12 in.) 


tion rate of 17 
evaporation rates of 23 were main- 
tained with practically no entrainment 

With the 24-in. calandria without a downtake the sugar caught 
in the separator varied from 0 to 44.7 lb. per hour. In one 
series, where the average rate of evaporation was 18, the aver- 
age weight of sugar entrained was 0.46 |b 


per hour, correspond- 


27.6 lb. per hour in one body of a 10-ft. standard, the 


10 to 24 1n 


ing to 
head being 
With the 


average 


calandria another series of with an 


10 Ib 


same tests, 


evaporation of and with heads of 16 to 24 in., 
gave no entrainment 

The maximum entrainment (average of four tests) with this 
calandria was 30 lb. per hour, with an average rate of evapora- 
In one test an 
without 


tion of 25 and an average juice head of 19 in 


evaporation rate of 27 was maintained entrainment 


his was due to the low head of 12 in 

The maximum evaporation rate possible with this calandria 
without entrainment is probably about 22, this being the average 
of five tests, in which there was no entrainment 

[The maximum entrainment with the calandria having tubes 
2 x 48 in. was 24.3 lb. of sugar per hour, with an average evapo- 
rate of head of 26 in., this being 


ration 12.4 and an average 


the average of three tests 
The 


evaporator, all of which were near the entraining point, but in 


average evaporation rate of a number of tests on this 


which there was actually no entrainment, was 7.8 
Thus it seems that the calandria with tubes 2 x 48 in. cannot 
be forced to more than half the rate that is possible with 134 x 
24 in 
By keeping the juice level low relatively large capacities are 


tubes without entrainment. 


possible in either type of calandria without entrainment. 

Neither the vacuum in the vapor space nor the velocity of 
vapors in the vapor space seem to affect entrainment to any 
measurable extent. 

The tests do not furnish data regarding the effect of juice 
entrainment. If influenced by 
in the fact that the greater the 
density of the boiling juice the greater the density of the juice 
caught in the separator and, therefore, the greater the amount 
of sugar. 

The separator used was very efficient, a slight trace of sugar 


density upon entrainment is 


density at all it is probably 


being shown in the condensed vapors in only one test 

In all other tests, even where large quantities of juice were 
caught in the separator, no trace of sugar was shown by the 
alpha-naphthal test 

The loss of pressure due to the friction of the vapors in pass- 
ing through the separator was 0.5 in. water, with a velocity of 
7940 F.P.M., an amount practically negligible. 

While the above gives a concise summary of the contents of 
the bulletin anyone who is especially interested in problems of 
vacuum evaporation will find the whole bulletin interesting and 
profitable reading. 

Professor Kerr and Mr. Isacks are to be heartily con- 
gratulated on the elaborateness of the tests and the success 
obtained and their future investigations will be awaited with 
interest. 





A New Dry Mixer.—The thorough mixing of such mate- 
rials as fertilizers, fuel ores, the ingredients for glass, dry 
plaster materials, etc., in fact, every material which is dry and 
dusty, is now being accomplished by many manufacturers by 
the use of specially designed dry mixers. For this purpose the 
Ransome Concrete Machinery Company, Dunellen, N. J., are 
building a dry mixer which is of the same principle as that of 
their concrete mixer, which has been so widely used all over 
the world, with the exception that the drum is sealed, thus 
preventing the escape of dust during the mixing process. 
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Methods for Investigating and Recording At- 
mospheric Impurities, Including the Soot 
and Dust Suspended in the Atmosphere 

By John B. C. Kershaw 


One of the most important Resolutions passed at the 
national Smoke Abatement Exhibition and Conference, held in 


Inter- 


London in March, 1912, was that relating to the framing of a 


standard method of catching and measuring the more com- 


monly occurring impurities of the atmosphere Chis resolution 
was worded as follows 
Atmospheric Pollution. 

“That in the 


this conference, it is desirable that 


immediate steps should be taken, to decide upon and secure the 


view oft! 


general adoption of a standard method for the measurement of 
atmospheric pollution by smoke, and the other products of com- 
bustion and dust, in order that the data now being collected may 
possess a comparative value, and that a committee be appointed 
to draw up details of a standard soot and dust measuring appa 
ratus and methods of its use 

“That the committee do consist of Dr. H. A. Des Voeux 
M. D. (Hon. Treasurer, Coal Smoke Abatement Society) ; Prof 
J. B. Cohen, B.Sc., Ph.D., F.R.S. (Leeds University) ; Bailie W 
Smith (Covener of the Air Purification Sub-Committee of the 


Glasgow Corporation); Dr. Hawksley (Assistant Medical 
Officer of Health, Liverpool; Mr. J. B. C. Kershaw, F. I. C. 
(Hamburg Smoke Abatement Society); Dr. John S. Owens 
M. D., A. M. I. C. E. (Coal Smoke Abatement Society) ; 
Dr. W. N. Shaw, M. A., D. Se, LLD. F. R. S. (Di 
rector, Meteorological Office), and Dr. S. A. Vasey (The 
Lancet), with power to add to its number Subsequently 
added: Dr. R. Lessing, Ph.D.. F. C. S.; Mr. E. D. Simon 
(Smoke Abatement League of Great Britain), and Mr. J. G 
Clark 

“That the conclusions and recommendations of such Com- 


mittee be reported to the Delegates forming the Conference 
and to all Municipal Authorities in the United Kingdom.’ 
The Committee, since its appointment, has held three meet 


ings in London. and has given careful consideration tq the 


various methods that have been suggested or tried for the col 


lection and estimatior of atmospheric impurity. The followin: 
is a list of the various methods which received consideration 
with some notes upon the places where they have been tried 
and upon their relative advantages and disadvantages. 

the method selected must fulfil 


the following conditions 


It was decided that as best 
(1) It should measure the actual amount of suspended mat 
relative to 
it should give the pollution in, say 


ter in the air, not the amount other places, i. e 
grams per cubic metre 
(2) The foreign matter or impurity should bh 


such a way as to permit of analysis 


collected in 


(3) It should be as simple 
(1) and (2) 


as possible, provided conditions 
are fulfilled. 


Methods that Have Been Suggested or Tried 


Filtration of a measured volume of air through a cotion 


wool or collodion-wool filter and examination of the de 
posit 

This method has been used by Russell in London and by 

Hahn in Germany and can be made to give good results. 


With care condition (1) can be be fulfilled and when collodion- 
It re 
uires, however, costly apparatus and considerable technical 
skill, and it possesses inherent defects if a color scale be em 
ployed as measure or gauge of the amount of deposit 
!. Collection of rainfall; evaporation and weighing of residue 
This method was used in the investigations started by Dr 
Des Voeux and The Lancet in 1910 in order to obtain the soot- 
fall of London. It was also employed by Professor Cohen in 
Leeds about the same date. The method does not, strictly 
speaking, give the amount of air pollution, but the amount 
which falls on a given area (a) in rain, snow, etc.; (b) during 


wool is used it can be made to satisfy condition (2) 
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and (b) are not separated. The 


dry weather, (a) 


apparatus 

used for collection of the impurities may be very simple, and 

the technical work can be done in a central laboratory. 

I1I, Aitken’s dust counter. 

This was devised by John Aitken for counting the number of 
dust particles in the air. The method and satisfy 
condition (1), but not (2). 

IV. Exposure of glass plates to the air for a specified time 
followed by washing in water, and measurement of the ad 
herent deposit that remains, by comparison standard 
colors. 


This method has been used by Professor Cohen in Leeds for 


apparatus 


with 


catching the matter which will adhere to a glass plate, e. 
It would seem that the thickness and color of the 


tarry soot 
deposit must be affected by the amount of tar present in the 
The method aims only at comparative re 
fulfil either condition (1) or (2). 

V. Exposure of glass plates coated with a drying oil, to a 
or to the atmosphere, either (a) for a fixed 
time, followed by a measurement of the opacity by com 


time as 


smoke of the city 
sults, and does not 


stream of air 


parison with a calibrated scale, or (b) for such 
will produce a fixed opacity, and comparison of the time 
required with a calibrated time scale. 

This method has been used by Cohen in Leeds and in Ham 

fulfil 


It requires, however, elaborate ap 


burg by Liefmann, and it might possibly be made to 


(2). 


paratus, and some technical skill in its use, and it is not suit 


conditions (1) and 
able for application on a large scale and under the condition 
which will obtain for the Committee’s observations 

I'l. The air is filter 
and the degree of blackness produced in a given 


drawn at a measured rate through a 
paper 
time is then measured. 


This method has been used by Riibner in Germany and by 
Bailie Smith in Glasgow. It gives results which depend upon 
the color of the matter caught, as 


Condition (2), however, would be fulfilled. 


well as upon its amount 


III. Measurement of the transparency of a column of air of 
given length, when illuminated with a standard light 

\ modified form of this method has been used for observa 

smoke from chimneys in The 

method could probably be arranged to fulfil condition (1) by 
measuring the transparency of air holding in suspension known 

amounts of matter, but it would not fulfil condition (2). 

VIIT. The rainfall is caught, and its transparency is compared 
with a standard scale of values, made by adding definite 
yuantitics of soot to distilled wate? 

This 


method : 


tions of the many towns. 


open to the objection as the second 


fulfil 


would depend also on the nature of the impurity, as well as on 


method is same 


neither does it condition (2) The results 

its quantity. 

IX. Dust-boxes are exposed, having a collecting surface of one 
square foot 


These y Chief Inspector Fyfe in 
Glasgow and Aberdeen, and are simply a less accurate means 


boxes have been used by 

f operating the second method 

As already stated the respective advantages and disadvan 
tages of the above nine methods were fully considered by the 
Committee before coming to a decision, and it was finally de- 
cided to adopt Method IT, namely, that used by Professor 
Cohen and by Dr. Des Voeux and The Lancet for the inves- 
tigations upon the soot-fall of Leeds and London, carried out 
by them in r9Iro0 

A Specification for a Standard Form of Apparatus and Rules 
for the collection and examination of the deposit, have been 
drawn up. 

The standard instrument consists of a circular open-topped 
gauge-vessel, supported in a galvanized iron frame. This 
frame is provided with a shelf for carrying a bottle to contain 
the rain-water which enters the gauge. The gauge-vessel is 
constructed of cast iron enamelled with a vitreous insoluble 
enamel. It is of importance that the superficial area of the top 


of the vessel (included inside the sharp edge) should be con- 
stant in all vessels, thus assuring the same catchment area in 
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each To provide tor this the top edge ol the vessel must be For the Lancet observations, carried out in London in 1910 
machined before enamelling. Fig. 1 shows one of the soot it three stations in the London area, the following constituents 
vauges used for the London observations in 1910 with thx were determined: Total solids, insoluble deposit, soluble «ck 


gauge-vessel and bottle in position. Fig. 2 is a section of the posit, soluble volatile solids, soluble tixed solids, sulphate am 


. 
y i | 


. . ' 
standard gauge-vessel alone, removed from its frame, and Fig — ‘ Lye 
A 


3 is a plan of the standard gauge. A well-fitted glass strainet sd 
is provided as shown 
The stand is formed of the four angle iro gs riveted at 
the top to two iron rings, the lower of which is to be of suitable 
size to receive the gauge-vessel and support it To the upper 
ring are attached galvanized iron wires of 14 S. W.G. These 
are fixed at their lower ends to a ring of 1/16” galvanized iron 
riveted between the legs and the heavier ring which supports 
gauge-vessel age is thus formed surrounding the gauge- 
pens at toy \ shelf of 1” pine is provided at 
screwed to 144” x 3” battens 
rts riveted t 
lvanized iron 
Each instrument 


tern and of a capacity of about two gallons each, and SECTION 0 GAUGI 


hloride Che ) presented below summarizes t 


hia, ¢ 
I 


sults obtained 


The Lancet inquiry was contined, as already stated 


LONDON’S COAL SMOKE DEPOSIT 











lit 11ts im < 
ils obtained f 


observation. 


rubber bungs oa a ie the clas ns made at three London stations and to one in the 
afin an districts of London (at Sutton in Surrey), and it 
\s regards the method of usi thi rd gauge, the fol 
preliminary instructi have | by the 
nmittee 
All gauges : be placed o ground level, in an 
free from abnormal 
les containing the water and deposit are to be 
emoved on the last day of each month, and thoroughly cleaned 
pty bottles are to be substituted 
3. Before removing the bottles for analysis, the gauge-vessel 
to be washed down with some of the water already collected, 
a brush of standard pattern being used to remove any adherent 
matter 
j. A chemical analysis of the water and deposits 
made by a standard method, particular attention being given tu 
obtaining the relation between the quantity of tarry oils 
present and the amount of free carbon 
The examination of the solid matter contained in the bot 
tles may be confined simply to the determination of the total 
solids (which can be separated either by evaporation or by 
hitration), or it may cover detailed separation of the solubk 
and insoluble portions of the impurities collected from the 
atmosphere by the rain-fall. A sub-committee is at present FIG. 2.—PLAN OF SOOT GAI 
dealing with the framing of a standard method of examination . 
[his will be used for the observations which are to be carried value for comparative purposes was, therefore, less than would 
out under the auspices of the Committee have been the case if similar results had been available from 
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Jue, 


1913 





he Inter- 


there- 


other cities and towns, 


Che Committee appointed at t 
March, 
fore decided to communicate with all the principal local author- 


national Smoke Abatement Conference of 1912 
ities in the United Kingdom, and to ask for their co-operation 
in an organized attempt to collect reliable data by means of the 
apparatus and methods of examination approved by the com 
this purpose. !t was believed that 


mittee lor many ol! 


wuthorities would welcome the introduction of a_ standard 


method of conducting such observations, and that the results 
would prove of much greater practical value than any numbei 
of independent inquiries based on the use of different apparatu 
letter 


proved that this 


ind different methods of observation. A circular sent 


out by the Committee in January, 1913 opimion 
was correct, and it 1s now 
that the 
following important cities of 


the United 


practically certain 


Kingdom will 
} 





commence these observa 

tions on or before October b Ne 
1 of the present year, using ~ 
the standard apparatus and nN 

method recommended by the 

Committee: London, Liver 

pool, Manchester Glasgow — 


Newcastle 


Birmingham, 
Bradford, Hull, Leicester, 
with others that are 
considering the proposal 


Phe 





will be 


passea mn re 





ularly to the London Con 


ittee, and an annual re 





port will be published con 1.—THE } 
taining all the figures and : 


nclusions 





atement movement in the various citi and t ns tron 
vhich the returns are sent 

her Method f Observation 

lurning now to a consideration of the oth thods f 
llecting and examining the solid impurities of the atm 
ere, those f Rubner, Renk, Hahn, Liefm: ! 1 
Té¢ will be briefly de scribed 

iibner’s Method 

The Rubner method f soot and dust determination 


ised upon the aspiration of a large volume of the air which 
he ested (200-200 cubic feet ) 


a pectal h lder Fig j 


} 


through a filter paper place: 
Upon the surface of this paper the 
collected The 


volume of air being measured by 


t and dust ire 


aspiration is effected by a 
water-jet pump, the an ordi 
nary dry meter. The determination of the amount of soot and 
dust collected on the paper in 12 or 24 hours is carried out by 

ymparison with a standard scale, since the amount is too small 
even with a large volume of air used to be determined by direct 
weighing. Renk has employed for the comparison a mixtur¢ 
f a known used in 


edge shaped glass vessel, gives a color scale of gradually in 


amount of and oil, which when 


soot 


reasing density This method of estimating the soot and dust 
n the atmosphere was employed in 19c9-1910 by the officials of 
he Hygienic Institute in the city of Hamburg, the apparatus 
eing installed at five different points in the city. The results 
found 


vear 1910 of the the Hamburg Smok« 


f the investigation will be summarized in the 


r the 


report 
Abatement Soci 
ty 
ahn’s Method 

The apparatus devised by Hahn consisted of a filtering tul 
nd of a double-cylinder pump worked by an electric motor 


rovided with current from accumulators. The volume of air 


n this case was ascertained by multiplying the cubical capacity 

the two cylinders of the pump by the number of revolutions 
f the crank shaft as recorded by a counter attached to the 
ame. Th: 


soot and dust were retained by drawing the air 
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through a tube containing collodion-wool, shown in Fig. 4 

Che weight of solid matter was estimated by dissolving the 
collodion-wool with its deposit of soot and dust, in a mixtur¢ 
of two parts of ether and one part of alcohol. The 


the turbid fluid 


final step 


was to compare thus obtained with various 


standard solutions containing collodion and known amounts ot 
impurity 
Liefmann’s Method, 

Liefmann’s method differs essentially in principle from tli 
two methods described above since it is based upon “sedimenta 


tion” of the soot and dust particles, upon prepared plates, and 
i 


not upon filtration. The method is described in considerabl 


detail in the thesis published by Liefmann, on taking . 


Halle 


space is devoted in this pamphlet to the theory of 


doctor’s degree at University in 1907 Considerable 
sedimenta 
tion as a means of measuring the soot and dust particles su 


pended in the air; and to the various reasons why two surfac« 


are necessary (a vertical one and a horizontal one) in order 1 
obtain correct results. The practical operation of the metho 
nly can be described in this articl The apparatus require 
(1) >), is simpler than in the case of the Rubner and Hahn 
nethod, and it is therefore more easily moved fron place I 

ct r erected in any desired point of observation 
\ I t ee ted ise ¢ cast ) | ded witl ( 
| ( S|] le carries a hor ntal late pon the ¢ I 
‘ xed f thin uprights i iz a h 
Under this er is fixed the vertical d la 
dw a thin fil for tchiu driftis I 





t igh obtained by a method dependi upon 
nle of sedimentation. This defect in the two sets of Ss 
s W y necessary it is that some st indard method 


and app 


ratus sh 





PI ! d be 
used, in order to obtai 
the greatest value fr 





\ observations 


soot and dust falls in the 


upon _ the 


various centers of pof 
ulation and industry 
Liefmann’s ybserva 


tions were carried out in 


i Hamburg in the winter 
| ‘ 
of 1903-1904 and the t 
| tal deposit varied be- 








L tween 16 and 299 milli- 
grams per 


k 





square metre 


i 








of exposed 


aoe Ee " 


| <—LIEFMANN’S APPARATUS the direction of the 


surface per 





hours according to 





wind and humidity of 


ihe atmosphere. These totals are equivalent to 15 tons and 
283 tons per square mile per annum 
Apparatus and Methods 


The observations upon the pollution of the 


en and Ruston’s 
atmosphere in 


Leeds (referred to above) were carried out by three methods 


which are similar in principle to those that have been de 


scribed. In one set of observations the rain-fall was collected, 


and the insoluble and soluble impurities were separated and 


examined, 


his is the method that has been selected by the Li 


Committee for its investigations, and the only improvement 


they have made in Cohen’s apparatus is that of increased size, 
the funnel or collector having an area of 4 square feet, instead 
of 0.7854 of a square foot 

In another set of observations was collected 


snow after a 
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heavy downfall, and the amount of solid impurities it con 


tained was estimated. The third set of observations were made 
by the sedimentation method, clean glass plates one foot square 
being exposed horizontally, and the sticky, tarry matter which 
adhered to them being weighed. Cohen and Ruston’s figures 
for the soot fall of surrounding 
suburbs varied from 25 to 539 tons per square mile per annum, 
the lowest figures being that of Roundhay (a country district 
to the southwest of the city), and the highest figure that of 530 
tons tor 


and dust Leeds and the 


Leeds Forge, in the heart of the manufacturing dis 
trict of the city 
Fyfe’s Method 

During the winter of 1910-1911, Chief Inspector Fyfe, of the 
City Department, carried out a series of 
dust fall in and 
means of “atmospheric dust-boxes.” 


Glasgow Sanitary 


observations upon the and Glasgow 


Scotch 


soot 
other 
These 


superficial area and one 


towns, by 
boxes were shallow wooden boxes, one foot square in 
foot in depth. They were exposed on 
the roofs of buildings in suitable situations, at a height of 3° 
to 35 feet above the ground \fter two months’ exposure the 
boxes were collected and the contents were carefully weighed 
City The 


figures obtained by this very simple and crude method varied 


and analyzed by the Glasgow Corporation Chemist 


from 2.27 cwts. per area per annum at Bo'ness on the Firth of 


Forth, to 19.6 cwts. per acre at Falkirk, equivalent to 72 and 
627 tons per square mile, respectively 


Vethod 


For the smoke investigation which is now being carried out 


Benner’s 
by Benner and others in U. S. A. under the auspices of the De- 
partment of Industrial Research of the University of Pitts- 
burg, Benner has used glass cylinders 4 inches in diameter and 
10 inches deep, which are exposed on the roofs of buildings 
The water and 
dust which are collected in this way are evaporated to dry- 


four stories high, in various parts of the city 


ness; the insoluble residue is then weighed and extracted with 
ether. From the percentage of tar this manner 
that part of the total solids due to soot can be calculated. No 


obtained in 


figures have yet been published for the results of the Pitts 
burg observations 


Notes on Chemistry and Metallurgy in 
Great Britain. 


(From Our Special Correspondent 
Institution of Mining and Metallurgy. 
At the 


lurgy Mr 


last meeting of the Institution of Mining and Metal- 
Herbert K. Scott 


Mineral Deposits,” and said hitherto mining in Bulgaria could 


read a paper on “Bulgarian 


not be accounted very successful, although a favorable min 
ing code and a sympathetic government had greatly assisted it 
But which had for 


shall 
it is only reasonable to suppose that the development of the 


when the war, the fear of many years 


deterred commercial enterprises, have been concluded, 


mining resources of Bulgaria would be rapidly and success- 
fully ancient the mines of Bulgaria 


played an importnat part, if the extent of 
and the 


achieved In times 
appeared to have 
the old 


points 


slag at various 


But until 1878 they were almost 


workings accumulation of 


were any criterion 
neglected 

The State in that year began operations on a lignite forma- 
tion near the village of Mochino, about eighteen miles from 
Sofia, and the output was entirely taken up locally 


lignite deposit in the 


Another 
1891 


The mining law of 1892 made generous provisions and con- 


same district was started on in 
siderable activity resulted; and from that year up to 1907 a 
great number of prospecting licenses was given, and some 
thirty-one mining concessions were granted by the govern- 
The State reserved to itself 
the lignite formations Pernik-Mochino-Vladja and Bobov-dol, 
south of Sofia, as well as the Belnorvh coal deposits in the 


central Balkans, and the lead in the Rhodope 


ment during the same period 


deposit of 
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Although a large number ot 
licenses and concessions was granted, operations were being 
mines in 1909; namely, at Pernik, 
near Sofia, for lignite; at Plakalnitza, near Vratza, for copper 
ore, and at Blagodat, near Kustendil, for lead, copper and zinc. 

Mr. F. White discussed ‘Errors in Sampling and 
Due to the Gold.” He 


that the discrepancies which frequently between the 


mountains near Lacavitza 


carried on in only three 


\ssaying 


Ores Presence of Coarse contended 
existed 
quantity of gold actually recovered and the quantity which 
should have been recovered by direct cyanide treatment of low 
grade gold ore demanded a complete investigation of the cir- 
cumstances affecting the estimate of the gold contained in the 
and also of that the The 
that the variations shown in 
triplicate assays must be looked for in the final sample. 
After careful examination it found that the variations 


were mostly due to the presence in some of the samples either 


charges remaining in residues. 


author decided cause of the 


Was 


of coarse grains of gold or of flaky re-precipitate gold; but 
these particles were not distributed through the whole of the 
charge of ore in the same proportion as in the ore used in 
Chis the than 
in the residue, because the large grains of gold would mostly 
be dissolved by the cyanide treatment. 

Tests whether the grain or two 
of coarse gold which might have given a high figure in one of 
the triplicate assays existed in the same proportion in the 


the fusion was more noticeable in charge 


were made to ascertain 


whole of the charge, or whether those grains were infre- 
From these experiments the author concluded that where 
there were only a small number of gold grains of unusually 
through a 


Triplicate fusions should be made; 


quent. 


large size, the assay sample should be passed 


30 or 40 mesh sieve only. 
any 
Abnormally 


should be 
rejected in 


variations occurred they 
should be 


and where serious 


high results 


In such cases it was reasonable to con 


repeated 
taking the averages. 
clude that there would be a tendency for the “average” to 


exceed the real value 


Institution of Mechanical Engineers. 
presidential address Sir H. F. Donaldson 
for the 


In his recent 
with the 
of the Institution and the necessity for practical train 
that the Institution in 


deciding to ascertain by examination the extent of the scien 


dealt largely conditions necessary advance- 


ment 


ing He said recent action of the 


tific knowledge possessed by candidates for admission as grad- 


uates or associate members would in the future have a very 


wide effect. A system of examination was at present the only 


means of ascertaining the candidate’s knowledge; but for a 


practical profession like theirs it was always open to suspicion 


that the knowledge shown by examination was not of that 
stable character which was desirable, but might have been 
btained by the pernicfous process of cramming. It rested 
therefore, with the Council and its collaborators to arrange 


the examinations so as to prevent as far as possible the 
system of cramming, and to make sure that the knowledge 


displayed by the candidates was sound 


He was inclined to take teachers to task for some of the 
advice they gave explicitly or tacitly to students. Many 
young men had the idea when they had gone through a 


course of technical study and had possibly displayed great 
ability, that that, and that alone, entitled them to look for a 
good position in engineering works. 
neous unless they had had practical instruction as well. It 
would probably be found that employers looked on such half 
trained men with suspicion, and might have actually suffered 
men, and might have been led to say 
that although they wished to have men trained both theroretic 
ally and practically they could not employ a man who had 
theoretical knowledge only, and that if they could only get 
men trained on one line they would take the practical man 
and not the theoretical. 

The President personally desired the services of men who 
were thoroughly trained, because he had had experience of 
their value; but he was sorry he could also speak from experi- 


That idea was quite erro 


from engaging such 
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ence in saying that the practical workshop was too often 
neglected, and he was certain that the omission of that was 


disastrous to the student himself as well as to his profession 
Some of the blame must attach to the teachers, and he hoped 
that any 


who were responsible, directly or indirectly, would 


recognize that if they desired, as, of course, he thought they 
did, the co-operation of employers in advancing the interests 


of their 


avoid the inculcation of such 
wrong ideas and impress on their students that to be qualified 


for a practical profession they must go through a thoroughly 


students, they must 


practical as well as a thoroughly theoretical training. 

It would seem that those 
had 
if they had had taken up with teaching before gaining adequate 
Such 


versant with theory and fully competent to 


who were responsible were teach 


ers who not themselves gone through the workshops, 01 


practical experience men would be thoroughly con 


teach on this side 


if the subject, but when they lacked practical training it was 


inevitable that they lacked also the power of imparting knowl 


edge of the application of theory to practice. He felt strongly 


that a man with only technical and no practical training was 
a long way off from being a practical engineer; and also that 


a man with practical and no technical training was not 


sufficiently equipped to carry out the engineering work of 
today. 
[he Institution should not concern itself solely with its 


duties to the State, to 
his profession and to his institution, so the institution had sim 
should 
nterests but also the throwing open to the general advantage 
work. Of attached to 
successful work when its useful results were fully published, 
ut the should be j 


internal affairs. Just as each man had 


ilar duties, and its work include not only its own 


the results of its course some kudos 


institution 


willing to forgo that kudos if 
by combination with other institutions better co-ordination 
could be obtained. The institution spent a certain amount of 
money on research, and it was possible that part of the money 


which they devoted to individual research might be better 


work of a central 
that 
grants for a 


spent in supporting the engineering re 


search committee, and other might also be 


ject lhe 


institutions 


willing to make similar ol advantages 


which would result from this course would be the prevention 


amount of 
carried out 
would be published and such publications would 


f a considerable over-lapping work, individual 


research would he to definite results, such results 
include a 
ounts of private researches conducted by those who associated 


themselves with the engineers’ research committe¢ 


Engineering Imports and Exports. 
The returns issued by the Board of 
March 31 show 


except in imports of electrical goods and new 


Trade for the three 


months ended on very satisfactory advances, 


ships, as com- 
with the Iron and 


pared corresponding period of last vear 


steel, including manufactures, were imported to the value of 
£3,967.780, an £1,057,893, 


the value of £13,321,611, an increase of £082,293 


increase of and were exported to 
Imports of 
ther metals, including manufactures, amounted to £8,220,904 
in increase of £547,752, and exports totalled £3,420,356, an in 
rease of £576,751. In electrical goods the imports were £374,- 
330, a drop of £36,922, but exports rose to £1,540,256, an in 
rease of £349,518. Imports of machinery figure at £1,833,802. 
1 rise of £201,409, and exports went up to #£8,590,063, an in- 
rease of £777,593. Imports of new ships are put at £2,900, 

decrease of £7,967, while exports are valued at £2,039,490, 
in improvement of £863,761. 

Taking the returns for March by themselves, imports of 
ron and steel rose by £396,196 and exports by £23,071; imports 
f other metals increased by £103,862 and exports by £32,035: 
nports of electrical goods fell £19,080 but exports rose by 
£153,015; imports of machinery were £31,075, but exports 
ropped £34,212; imports of new ships declined £0,472, while 


xports showed an improvement of £452,054 
Market Prices, April, 1913. 

Copper was a rising market until the 14th, 

£69: has since been weaker. Opened at £66, 


when it touched 
closes £67.10.0. 
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Tin has been on the whole a rising market, fluctuating up to 
£2314 (18th); 
Lead rising the first half of the month from £17 to £19, it 
has afterwards been easier, closing slightly lower at £18.10.0. 


it closes £2274. 


Haematite has been very steady at or about 79/-, at which 


price it closes. 


Scotch Pig showed depression from 3rd to the 14th, then 


recovered on 18th, and since stronger closes 73/3 


Cleveland has been through the same fluctuations as Scotch 
Pig. It closes 67/3. 
£s.d 
\luminium, ton (ingots) , g5. 0. O 
\lum, lump, loose, per ton .. 6& OO 
re : “7 ; ; . 20. v. O 
Borax, British refined, crystal, ton se hie el 
Copper ore, 10 to 25%, per unit. 12/4% to 12.1042 
Copper sulphate, per ton...... 23. 7. 6 
Carbolic acid, liquid, per gal , 14 
Creosote, ordinary, good, liquid, per gal 2% 
Caustic soda, 70%, per ton 9.12. 6 
Ebonite rod, per Ib 4. 6 
Hydrochloric acid, cwt 5. oO 
India rubber, Para, fine, Ib ; 3. 4% 
Mica, in original cases, medium 3/6to 6.0 
Naphtha solvent, 90% at 160° C.. - - 10% 
Petroleum, Russian spot.. 9% 
Quicksilver, per bottle..... ; 7.10. O 
Sal-Ammoniac, lump, 1st delivered U. K. per ton 14. 0. O 
Sulphate of ammonia, f. o. b. Liverpool, per ton 13.17. 6 
Sulphur, recovered, ton. hate .<¢es 
Shellac, per cwt... ‘ osee 4. 5. 0 
Platinum, oz. .. Seber 9. 5. 0 
Tin ore, 70%, per ton. 148 to 150. 0. O 
Zinc, Vielle Montagne, f. o. b. Antwerp, per ton 28.12. 6 
Higher Lower 
£s. d £s.d 
Aluminium 6. 0. O Caustic soda or 
Alum 10, O Ebonite rod re) 
Copper ore 9 India rubber 7% 
Copper sulphate 7.6 Quicksilver 5. O 
Petroleum I Sulphur 5. 0 
Sulphate of ammonia 7. 6 
Tin ore 5. 0. 0 
Zinc 5. 0 
Copper 2.12. 6 
RO wsae pare g.10. 0 
Lead 1.18. 0 
Cleveland 6.0 


Recent Chemical and Metallurgical Patents 


Iron and Steel 
Electric Steel.— \nother patent granted to Mr 
Witttam R. Wacker, of the United States Steel Corporation, 
for the combined Bessemer converter and electric furnace steel 
The particular feature of this patent is the re- 
carburizing of the metal decarbonized in the Bessemer con- 
verter, the re-carburizing taking place in the ladle before the 
metal is transferred to the electric furnace. 

detail as follows: 


has been 


process. 


The process is in 


Molten pig metal is introduced into a Bessemer converter 
and blown until the silicon has been eliminated and the carbon 
reduced to a definite percentage, preferably to about 0.05 per 
cent, which percentage can be gaged with accuracy because it 
is about the percentage contained in the metal at the time when 
the flame “drops.” a phenomenon which is well known and 
readily recognized by the skilled The disiliconized 
and substantially decarburized metal a proportion of carbon is 
then added sufficient to raise its carbon content to a definite 
percentage, preferably to about 3 per cent, though this per- 
centage may be varied. The carbon addition is made by adding 
to the Bessemer metal in the ladle, pig iron either in the form 
of cold pig or molten pig, and as the percentage of carbon of 


blower 
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ie Bessemer metal is substantially constant, the amount of 
pig metal to be added in the ladle can be readily determined 

ubstantial precision. The carbon may be introduced by 
ing anthracite coal or powdered coke to the metal instead 





on in the form 
the 


idding carl of [f pig iron is added 


“he 


pig iron 


is preferably in molten condition. 7 metal thus en 


bon 1s then charged into an electric furnace where 


is treated with basic additions for removal of sulphur and 


and tor increase of its heat to bring it into re 


hned and heated condition 


molds 


Che importance of 


proper for casting into th 


Tar t 


adding carbon to the blown metal befor 


introducing it into the electric furnace is that in this way th: 


loss by skulking is lessened, and by bringing the 
det the the 


made uniform in character and duration, the product rendered 


metal to a 


nite carbon content heats in electric furnace aré 
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Fit I ROTARY FILTER FOR kI SLIMI 


more uniform and the manufacture thereby greatly facilitated 

\s the decarbonized metal is low in carbon when taken from 
the converter and is often transferred a considerable distance 
to the considerable of this 
will solidify in the ladle and form skulls therein. This skulling 
action will reduce the amount of metal poured into the electric 


electric furnace, a amount metal 


furnace from the ladle, and as the skulling action will vary, the 
amount poured in will vary. By adding carbon to the metal 
before its being carried to the electric furnace, its carbon con 
tent is raised and its melting point thus lowered, and the 
amount of skulling during the transfer to the electric furnace 
is prevented or greatly lessened. This, therefore, makes the 
uniform in amount as poured into the electric 
The obtaining of 


charges mors 


furnace 


a uniform carbon content ren 


18 
dered easy by adding carbon to the blown metal rather than by 
attempting to stop the blow at the desired point, for to de 
termine the point of stopping before the flame drops is very 
difficult, while to add the percentage of carbon to 
the bath depleted of carbon (13,538, February 
1913.) 

Methods of Handling Slag.—The production of blast or 


open-hearth furnace slag in a granular condition, and the 


necessary 


iS easy. 


25, 





1, 
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efficient handling of such product, form the basis ot a patent 


Mr. Davin T. of The 


provides such 


Cleveland, Ohio 
the of 
capacity as to hold the slag produced in 24 hours 


granted to (ROXTON, 


inventor shallow pits near furnace, 


\rranged 
on the bottom of the pit is a parallel series of flexible mem 
the 


each side of 


the 


bers, such as chains, attached to pins at 
Che 


cessive charge of slag forming 


pit. 


slag 1s allowed to run uniformly over pit, each suc 
a layer over the previous one 
When the pit is full, each chain is successively detached from 
one of its retaining pins, and lifted or ripped upward through 
bed of [he latter is disintegrated and then removed 


Slag 


slag 


trom the pit by a grab bucket or other suitable device 


produced by this method is claimed to be in good condition for 
use as road ballast or an aggregate for concrete. (1,056,632, 
March 18, 1913.) 


Another invention having a similar object in view is that 


of Mr. Georce L. Danrortn, Jr., of Chicago, Ill. He pro 
vides a slag receptacle consisting of a long metal trough, hav 
ing a slot-like opening running lengthwise along the curved 
bottom. This slot is normally closed by strips of metal, 
designated agitators, attached to vertical arms by means 

which they may be raised or lowered. Slag is run into th 


receptacle, forming a layer, which is then sprayed with water 
to When the 
cool another charge is run on, and this action continued until 
the full. The lifted 
disintegrating slag, to 


cause shrinkage and cracking first layer 1s 


receptacle is then 


are 
allowing it 


agitators by a 
the 
through the slot in the bottom of the receptacle 
\pril 8, 1913.) 

Manganese Steel.—Mr. Aczert FE of ill 
produces manganese steel or other alloy steels by charging the 
solid 


enouch 


crane, and run out 


(1,058,158 


GREENE Chicago. 


into a suitable vessel, then 


steel of 


ferro-manganese 
soft 


pouring 


molten proper composition on top of it 


and completing the melting and heating in a reducing atmo 
sphere by means of electric heating. (1,060,078, April 29, 1913 
Steel for Electrical Purposes.—Sir Roserr A. HaApriern, 


of Shefheld, England, the well known pioneer in the manu 


facture of alloy steels, has covered in an older U. S. patent 
745,829 of Dec. 1, 1903, the heat treatment of an tcon-silicon 


alloy for the purpose of obtaining a magnetic material of high 
permeability, high electric resistance and low hysteresis. H« 
now claims a process of making this alloy of improved solidity 
and homogeneity of structure. It will be especially adapted 
for use in ballast coils, transform- 


er plates and like electrical appar 





[ anal 





atus, wherein the total magnetic an‘ 
electric losses have to be reduced to 
The es 


sential feature of the process is that 











the lowest possible degree 





50 per cent ferro-silicon is place: 
16" in a ladle or other vessel and raised 
to a red heat. The pure molten iron 
is poured upon the red-hot ferro 
Inas- 


silicon and fuses the same 





much as the latter substance fuses 



































about 300 deg. to 400 deg. C. below 








the iron, the additional heat 
required to the 
alloy are small and readily com- 
municated to it from the iron itself 
Just before casting in ingots a suit 
able proportion of alumnium, not 
or 
added to 
May 13 


units 


dissolve silicon 


jem) meme tt 

















LILA 


exceeding I per cent, other 


bf yp 


— 





deoxidizer, is 


(1,061,373, 


equivalent 
the mixture. 
1913.) 
Charging Apparatus for Blast 
Furnaces.—Messrs. E. J. Winp 
Lewis, of Glengarnock, Scotland, patent 
charging apparatus of the hopper type and inclined railway for 
charging buckets. 











DETAIL OF FILTER 


SECTION 


sor-RICHARDS and T. 


Characteristic features are the small amount 
of headgear and parts projecting from the top of the furnace 
(1,061,349, May 13, 1913.) 


foot plate. 
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Gold and Silver 


Rotary-Drum Vacuum Filter.—l'igs. 1, 2, 
details of a revoluble filter for use in the cyanidation of gold 
Akins, of Denver, Coio., 
Works Co., of the 


3 and 4, show 


RANDALL P 
( olorado 


res, designed by Mr 


and assigned by him to the [ron 


same place Fig. 1 gives a side view, showing a drum | 
wasn WIT wees SOLUT OW WaASn wiTh warer 
" Oe 
—- 
xy SS 
‘Ke >» 
& ii, 
me, 27 28 & \ 
/ % © % 
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° on 
° o 29 
4LVE. OF APH TANK _ ——— 2 ~ 
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r 
vAcuUuM 4 
4 ; A : > 
FIG. 3.—CYCLE OF FILTRATION 
mounted on an axle 2 which is driven by a worm wheel 3 
and worm 4. The face of the drum is composed of filter 
sections, as shown in Fig. 2, wherein 13 indicates strips of 
wood fixed to the face of the drum, supporting coarse wire 


screen 15, on which are placed successive layers of burlap 16 


and canvas 16’. Outside of these layers of filtering material 


is wound a series of wires 20 to hold the filtering medium in 
Each of the filter 
nections to the 


sections has con 


hub of the 


place separate pipe 


valve in the drum 
The valve is designed to permit the withdrawal ot 
gold and t 


one section at a time for the purpose of dislodging the cak 


separate 


and wash solutions, » conduct compressed air to 
The cycle of the various steps is shown in Fig 
3. That portion of the filter below the line of pulp in the 
tank is results in the 
and the formation of a 
filter As the 


sprayed with weak cyanide solution from a box 


from the filter 


under vacuum, which withdrawal of 


valuable solution slime cake on the 


surface of the drum revolves, the rising side 
is washed or 
or pipe placed at the top of the filter, as shown in Fig. 1 


Chis wash solution is removed by vacuum and delivered sep 


arately from the first solution. A similar wash, with a sep- 
arate removal, can be applied from the box or pipe to the 
face of the filter as it travels downward into the tank again 

The controlling valve situated at one end of the hub consists 
of a movable plate and a stationary plate or member. The 
attached to the and circular line of 


openings connecting with the pipes leading to each separate 


former is drum has a 





STATIONARY MEMBER OF FILTER VALVI 


FIG. 4 


ection of the filter. The stationary member of the valve, 
hown in Fig. 4, has three slots, 26’, 27’ and 28’, and one circular 
pening 29. As the filter revolves, the openings in the movable 
rember of the valve are continually registering with the 
lifferent slots in the stationary member. Those registering 


vith slot 26’, as at 26, are under vacuum and are delivering 
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with slots 


solution to 


a suitable place; those registering 


goid 


27° and 28’, as at 27 and 28, are also under vacuum and are 


removing the different wash solutions; while that opening 
in the movable member which registers with the opening 29 
of the stationary member receives compressed air for the 
purpose of dislodging the cake on that particular section of 
the filter, after it has been washed. (1,059,327, April 15, 1913.) 

Another form of filter, patented by Mr. Harry E. Krier, 
of Colorado Springs, Colo., is shown in Fig. 5. It is designed 


for use in the cyanidation of gold and silver ores and is adapted 
It consists of a tank with a spherical 


filter Within the 


tank is a revolving member composed of perforated pipes, hav- 


to leaching and filtering 


bottom of cellular construction, forming a 


ing bearings outside the tank, and being driven by power applied 


a pulley \ir can be delivered into the perforated pipes 


connection in the right-hand bearing and thus 


with the 


through a 


caused to mingle slime pulp in the tank 


In operation, slime pulp is delivered into the tank, aerated 


and kept in suspension until all valuable metal is dissolved 


liltration can proceed during this revolving arms 


operation, the 


« 430 


) 


















































HING FILTER TANK 


keeping the filter surface free from impervious accumulations 
[he pulp can be washed with successive solutions and dis 
charged through a pipe in the bottom of the tank. (1,058,860, 
\pril 15, 1913.) 
Lead, Copper and Zinc 

Production of Minium.—According to specifications of a 
patent recently granted to JArosLtav Muntpauer, of Prague, 
\ustria-Hungary, it is possible to greatly increase the rate of 
production of minium, Pb,O., by carrying on the customary 
process of oxidation under a pressure of several atmospheres 
Minium is ordinarily 


instead of at ordinary pressure. 


duced by roasting oxide or carbonate of lead 


pro- 
The process is 
slow and the material must be roasted in thin even layers for 
periods ranging from 24 to 48 hours. The reaction cannot be 
temperature, but the 
increasing the 


accelerated by increasing the inventor 


has found that by pressure under which the 
oxidation takes place, say to 12 atmospheres, he can accomplish 
within one hour the same effect produced at ordinary pressure 
By using pure oxygen under pressure the reaction 


April 15, 1913.) 


in 15 hours 


occurs in a few minutes. (1,059,195, 








fs 
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Extracting Tin from Base Bullion.—An improved process 
for removing tin from lead or base bullion is due to Brian 
C. Bestey, of Howell, N. S. W., Australia \ reverberatory 
furnace is charged with a certain quantity of rock salt. When 
the salt is molten, lead or base bullion is introduced, sinking 
beneath the salt cover. Oxide of lead, preferably litharge, is 
then added to the bath, in the ratio of two parts litharge 
to each part of tin in the bullion. After about half an hour 

















FIG. O 


COPPER CONVERTER WITHOUT TUYERES 

all the tin has become associated with the litharge, where- 
upon the refined bullion is run out of the furnace, followed 
by the salt, leaving the solid tin-lead oxide combination to be 
removed in lumps 
of a marketable 
peatedly 


The latter is then smelted for the recovery 
tin-lead solder. The salt can be used re 
April 29, 1913.) 

Copper Converter Without Tuyeres.—In Fig. 6 is shown 
an elevation, partly in section, of a form of copper converter 
patented by Mr. Howarp B. Jernez, of Perth Amboy, N. J 
The principal object sought in this type of construction is 
the elimination of the tuyeres of the ordinary type and the 
troubles incident to their use 


(1,060,527, 


As seen in Fig. 6, the con 
verter consists of a cylindrical body A, rotatably mounted, and 
having an opening 3 for the reception of ore and discharge 
Air boxes 5 are placed at each end of the shell, 
and are connected with an air pipe &. 


( f gases 
Air inlets extend down- 
ward from the boxes into the ends of the converter, as at 4 
The body of the converter is lined with refractory basic 
which is so arranged that the inner chamber is 


contracted at the ends 


material 1, 
The bottom surfaces 10 of the outer 
ends of the top wall of the lining 1 are preferably straight or 
flat, and extend well down toward the bottom wall of the 
lining, forming baffles 12, which serve as deflecting surfaces 
to increase the efficiency of the air 

In operation, the converter chamber is filled with matte, and 
air is forced through the passages 4, flowing through the body 
of the finally through the 
(1,059,367, April 22, 1913.) 

Electrodeposition and Refining of Zinc.—A method of 
electrolyzing a strongly acid solution of a zinc salt with a 
current of high density is patented by Urtyn C. Tarnton, of 
Manchester, and Joun N. Princ, of Sandbach, England. The 
inventors prefer a sulphate solution of zinc, with from 10 per 
cent. to 30 per cent. of sulphuric acid, and 0.1 per cent. to I per 
cent. gum tragacanth. 
density of 500 amperes per sq 


metal and escaping opening 3 


This is electrolyzed with a current 
ft. of cathode surface. Den- 
sities of 1/5 this amount can be used with success, but time 
is saved by the higher density. 

The novel features of the process are: the high current 
density employed, the production of a smooth, lustrous and 
compact deposit, the use of a colloid agent, such as gum 
tragacanth, the wide limits of acidity, and its adaptability to 
plating on aluminium. The method is specially 
galvanizing wire electrically. (1,059,233, April 15, 1913.) 

Reduction of Zinc Oxide—The usual practice in zinc 
smelting consists in making an intimate mixture of some form 


useful in 
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of zine oxide and carbon, and subjecting this mixture to a 
high temperature in small retorts. The method is wasteful 
of heat, does not effect complete reduction of the zinc, and 
entails considerable expense for retorts. A general feature of 
all proposals for zinc smelting, is the intimate mixture of the 
ore and reducing agent. In contrast to this feature is the pro- 
Prof. CuHartes F. Madison, Wis., 
whose process consists in keeping the zinc ore and carbon en- 


posal ot Bt RGESS, of 


tirely separate from each other. In the preferred form of his 
process, the zinc ore is heated electrically, and the zinc oxide 
thereby volatilized. Simultaneously a mass of carbon is sub- 
jected to a current of electricity to heat it to a proper reducing 
temperature. The vapors of zinc oxide are then passed through 
the mass of incandescent carbon, and the reducing action is 
quickly and thoroughly accomplished. 

\ form of furnace in which the operation can be carried out 
is shown in Fig. 7. The zinc vaporizing chamber is shown at 
!, and the carbon container at B. Electrodes 4 in the ore 
chamber provide the necessary heat for volatilization of zinc 
oxide, and electrodes 9 and 11 in the carbon chamber are used 
to bring that body to the proper temperature \ passage 8 
provides an exit for the volatilized oxide into the reducing 
chamber. Slag may be removed from the ore chamber by the 
tap 7; ashes can be removed from the carbon chamber through 
the door 18 Flues 16 and 17 provide for the exit of the re- 
duced zinc vapor. The consumption of carbon in this form of 
furnace is very limited, as it is confined practically to that re- 
quired in the reduction of ZnO to Zn 

The advantage of this kind of a furnace is. very consider- 
able, inasmuch as the temperatures for volatilization of zinc 
oxide and its reduction to zinc are not the same, the proper 
temperature for the carbon being considerably lower than that 
which is required to volatilize the oxide. Mr. Burgess has 
found by experiment that zinc oxide begins to volatilize from 
ore at a temperature of about 1100 deg. C. This, therefore, is 
the minimum temperature at which the ore chamber should be 
maintained. By heating at a higher temperature, the action is 


carried on more rapidly, but with volatilization of impurities 
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FIG. 7.—ELECTRIC FURNACE FOR VOLATILIZATION AND REDUCTION OF 
ZINC OXIDE 

which are undesirable. Experiment has shown that zinc oxide 

can be completely volatilized from ordinary roasted zine ore 

by the method just described. (1,059,342, April 22, 1913.) 


Roasting Furnaces 
Construction of Multiple Hearth Furnaces.—In a patent 
recently granted to Reinnotp ScHerFeNBerG, of Berlin, Ger- 
many, the inventor presents certain improvements in furnaces 
In ordinary construction, the passages 


of the McDougall type. 
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for the downward movement of roasted ore are used also for 
the upward passage of air from one hearth to the next. In the 
present case, the inventor introduces air free from SO, to the 
several hearths through the central tube of the furnace, and 
separate distributed at the 
hearth to convey the gases enriched with SO, directly to the 
uppermost hearth. 


conduits circumference of each 
Means are provided for regulating the pass- 
age of the air and gases. (1,057,584, April 1, 1913.) 

Another patent of similar intent is that granted to MR. 
Utrtey Wence, of Ardmore, Pa 
placing flue casings in the side walls of the furnace, to divert 
the draft the 
The casings extend through the wall, so as to be accessible from 
the outside. (1,060,389, April 29, 1913.) 


His improvement consists in 


from passages for the downward flow of ore 


Dust Collection and Filtration 

A dust collector suitable for use in sulphuric acid work, 
for the separation of dust from the gases coming from the 
roasters, is shown in Fig. 8. It is the invention of Mr. Wi:- 
LIAM T. Harper, of South Md. It consists of a 
series of frames containing a large number of shelves, placed 
The normal 
of the shelves in the flue is horizontal, in which position they 
The 
dust 
can be dumped into suitable hoppers in the bottom of the flue. 


Baltimore, 


in the flues leading from the roasters position 
gather the dust from the gases passing between them 
frames are adapted to be rotated, so that their load of 
In the figure, one of the frames is shown partly rotated to 


At the 


the dumping position, and one in the dumping position 
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FIG. & DUST COLLECTOR FOR SULPHURIC ACID WORKS 


left is shown the mechanism for changing the position of the 
shelves. It is understood that the flues are in duplicate, so 
that one can be closed while dumping the shelves in the other 

A filter medium suitable 
coming from smelting or roasting furnaces, has been patented 
by Dr. Freperick G. Corrrett, of Berkeley, Cal. Dr. Cottrell 
has found that the deterioration of cotton and other vegetable 


for use in filtering acid gases 


fibers in acid gases is due chiefly to the esterification and hy- 
drolysis of the cellulose which is itself conditioned by the car- 
that body. By down the 
groups of cellulose without seriously disturbing the mechanical 


hbohydrate grouping of breaking 
strength of the fibers, a fabric can be obtained which has great 
resistance to the action of acids 


cellulose groups can be accomplished by 


This breaking down of the 
fabric, 
preferably out of contact with air, at a temperature above 200 
deg. C. 


heating the 


As an example of the results obtained by this treatment, the 
following is cited: Cotton fabric weighing 350 g. per square 
meter and having a tensile strength of 2300 kilos per meter, 
were heated in a closed vessel to maximum temperatures of 300 
to 340 deg. C., for periods ranging from 10 minutes to 3 hours. 
\fter cooling in the closed vessel they were found to be per- 
fectly flexible and of a uniform dark brown to jet black color. 
The samples lost from 68 per cent to 76 per cent of their 
weight, and showed a tensile strength of 30 to 8s kilos per 
square meter. They withstood boiling in sulphuric acid with- 
ut imparting any color to the latter. The inventor prefers 


o use this fabric in the form of bags, as for bag houses, and 
io treat the bags after they have been made. 


After the heat 





CHEMICAL 





ENGINEERING 347 


treatment the fabric will no longer burn with a flame. (1,060,- 


065, April 29, 1913.) 
Electric Furnace Processes 
Regulating electric furnaces.—Most of the regulators for 
arc furnaces, based on the application of an auxiliary current 
to raise and lower the electrodes, suffer from the inconvenience 
that the regulator cannot be stopped at exactly the desired posi 
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FIG. QY CONNECTIONS OF ELECTRIC FURNACE REGULATOR 


tion. The momentum of the moving parts causes them to move 
too far until the opposite regulation takes place, thus resulting 
in a continual swinging of the parts, back and forth past the 
PauL L 


of La Prar, France, overcomes this difficulty by 


point of perfect regulation. A new invention of Dr 
, H&rou ct, 
an additional device inserted into the auxiliary circuit and al 
to break a sufficient tength of 


be regulated—in a way that the regulation of the furnace 


lowing same time—which can 
such 
is effected step by step and to enable the new position of the 
furnace to have its effect upon the regulating apparatus. 

view of the electrical connections 


Fig. 9 is a diagrammatic 


! and B represent the furnace circuit, C a movable, D a fixed 
lever E, the ends of 
modi. & 
motor which actually moves the regulable parts of the furnace. 
M,N, 


rent generated in S passes through M or A 


coil. C is mechanically connected to the 


which F and G can dip into mercury cups is the 


are the two parts of its armature resistance. The cur- 
according to the 
So far the arrangement has been known 
working not The 
special feature of the invention is the apparatus V, of Fig. 1, 


position of the lever. 


before and its does need to be explained 


inserted in the current leads JT or U 
both the 


especially illustrated in Fig. 1o 


at any point common to 
forward and the backward regulating currents. It is 


\ ring of copper or other con- 
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FIG. I0.—DETAILS OF REGULATOR 

tacting segments HW’, insulated from each other is mounted on 
an insulating plate X; a rotating arm Y, carries a brush Z 
which passes over the segments W. Y is connected to one 
branch U* of the circuit direct, the segments are connected to 
the other branch U® individually over contact blocks a, plugs c 
and conducting bar 6. The entire device is connected to a 
small motor / (Fig. 11). The speed of this motor rotating the 
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arm Y and the number of segments plugged can be variated and 


so adjusted as to allow the most efficient furnace regulation 


Fig. 11, showing an assembled design without the auxiliary 


wiring is self-explanatory. (1,061,612, May 13, 1913.) 


Messrs 


of Niagara Falls, N. Y., assignors to the Car- 


Manufacture of Silicon Tuomas B. ALLEN and 


FRANK J. Ton 


borundum Company, have greatly improved the efficiency of 
Tone in U. S. P., 
\s the 


carbon monoxide gas escapes along the elec 


the arc furnaces previously described by Mr 


921,183 of May 11, 1900, for the production of silicon 


larger volume of 


trodes carrving with it the vapors of silicon and its oxides, the 











FIG. II.—-ELECTRODE WITH REGULATOR 


furnace mixture is finely divided, for example, 12 mesh and 
finer, and formed into briquets of preferably spherical shape 
[he interstices then are so evenly distributed over the furnace 
condensed all over in the 


section that the silicious vapors are 


cooler parts of the charge and the carbon monoxide gas being 
discharged quite uniformly throughout the entire mass preheats 
the charee 


more efficiently. The briquets are made from 70 


parts pure silica, 30 parts of petroleum coke mixed with 7 per 

cent hard pitch; 1% in. has been found to be the best diam- 

eter. (1,061,256, of May 13, 1913.) 
Electrolytic Processes 


Manufacture of Persulphates.—It is generally known that 
the direct electrolysis of potassium-sulphate produces persul- 
phate only with very poor yields and that therefore mostly am- 
monium-persulphate is produced from the sulphate by elec- 
trolysis in cooled acid solutions and reacted on by potassium- 
carbonate. From the resulting ammonium-carbonate the sul- 
phate must be regenerated by the aid of sulphuric acid. Messrs 
G. Avoteu and A. Pretscn, of Miinchen, Germany, succeeded in 
finding a process of producing potassium-persulphate directly 
from the sulphates, the neutral as wel! as the bisulphate by act- 
ing with the solid salts on the solution of ammonium persul- 
phate. The ammonium sulphate thus obtained can be regen- 
erated into persulphate by electrolysis. The expensive potas- 
sium carbonate and the addition of sulphuric acid for conver- 
sion of ammonium carbonate are thereby entirely eliminated. 
found that the 

potassium salts in solid form can be added to the ammonium 

sulphate in the electrolytic cell direct and the electrolysis car- 
ried on with a yield of from 80 per cent at the anode while the 
reduction does not exceed more than 1 to 2 per cent, no dia- 
phragm being required. The sodium persulphate which on ac- 
+ count of its great solubility, hitherto was very difficult to obtain, 


In going one step further the inventors have 


can be prepared with great ease by the analogous process, a 


AND CHEMICAL 


ENGINEERING Vo.. XI, No. 6 
diaphragm, however, being employed in view of the ready soiu 
bility of the sodium-persulphate. (1,059,809, of April 22, 1913.) 

Electrodeposition of Nickel, Iron, Cobalt—Mr. Cuaries 
J. Reev, of San Francisco, Cal., claims an improvement in the 
electrodeposition of highly like 
cobalt insoluble anode 
He refers to Carl Hering who overcame the difficulty in the 


magnetic metals, nickel, tron 


and from sulphate solutions with an 


case of zinc. Iron has the same property as zine that it is 
not easily or efficiently deposited in the presence of free sul 
It is further unreduced and unaffected in solutior 


as suiphate by contact with metallic lead 


phuric acid 
The invention con 
sists in electrolyzing the iron sulphate solution with a cathod: 
of any suitable conducting substance, such as carbon, copper 
aluminium, etc. As anode is chosen spongy or finally divided 
lead such as is usually employed in the negative plates of a 
battery. 


storage When electrolyzing, the chemical reactions 


taking place may be represented by the equation: Pb-+ FeSO, 
Fe + PbSQ,. After precipitating the iron, the 


removed, placed in a dilute solution of sulphuric acid, 


anode is 
and 
reduced by the electric current to metallic spongy lead. It is 
March 11, 

The same process applied to cobalt instead of 
by Mr. Reed’s patent 1,055,653, March 11, 1913 

Process of Manufacturing Plated Goods.—Mr. Davin G 
Rea, of 


then ready for another use. (1,055,652, 


1913.) 


iron is covere 


Providence, R. I., makes a two-fold application ot 


electrolysis in the process of protecting the surface of preciou 
metal 
for the construction of the articl 


metal, during the act of forming an article from this 


Che various parts necessary 
are first shaped in the rough, then electroplated with a bas« 
metal, preferably nickel. The parts are then trimmed and as 
sembled, soldered, or otherwise fitted together. Hereafter the 
base surface of the 
precious metal, by subjecting the completed article to an elec 
trobath. The 


tained in perfect condition 


metal is removed or stripped from the 


metal is thus 


(1,060,361, April 20, 


surface of the precious mail 


IQIt 3.) 





Synopsis of Recent Chemical and Metallurg- 
ical Literature 


Gold and Silver. 


Mexican Cyanide Practice.—The new 250-ton mill of the 
Cia. Beneficiadora de Pozos, at Pozos, Guanajuato, Mexico, is 
described by H. F. Carter in the /nformes y Memerias of the 
Mexican Institute of Mining & Metallurgy, Vol. 3, No. 2. Cer 


tain machinery existing at another mill had to be used in the 


Pozos mill, which otherwise would not have been selected 
Symons gyratory crusher and Symons disc crushers are in 
use, and have given excellent results. The latter are used t 
reduce the ore to %-in. size, and have shown a capacity of 
The 
crushed ore is sampled in a series of two Snyder disc sam 
plers, delivering an ultimate sample of 1 per cent of the mill 


feed. 


250 tons each in 12 hours, with an expenditure of 28 hp 


Chilean mills are used following the Symons disc ma 


chines. They have runners of 7 ft. 2 in. diameter and 19 in 


face. Each runner is fitted with a tappet arm terminating in a 
5-in. roller which strikes an adjustable inclined frame on the 
operating lever of the feeder. A further adjustment of the 
means of a turnbuckle on the 
mechanism, and the whole arrangement works exceedingly well 
Rakes carried by the cross heads direct the ore under the run 
ners and also swirl it against the screens. 

Dorr classifiers are used to separate sand for tube milling 
Two of the tube mills have El Oro liners, and two have Ko- 
mata liners which have been used so successfully in New 
Zealand. The latter consist of longitudinal angle-bars or ribs 
about 18 in. apart with plates between. The bars lift the 
pebbles to the proper height without any slip. It 


feed is obtained by feeder 


is claimed 
for the Komata liner that it gives increased capacity; perfect 
cascading of pebbles on the lining; small consumption of 
pebbles, power and metal; and that it can cast locally of semi 
steel, white or grey iron, and is easily installed. 

Close concentration is not desired, as it is necessary only t 
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AND 
remove ingredients which are noxious to cyanidation. Deistet 
sand tables are used, with the shortest possible stroke, at 275 
rhe slime pulp from the tables is thickened in Dorr 
thickeners to 1.5 to lI, 


r.p.m, 
elevated by 
lift, to 
ix of the latter, arranged in a circle and adapted for con- 
tinuous 


Krenier pumps working in 


tandem, each with a 15-ft. Pachuca tanks. There are 


agitation Each has an overflow discharge pipe, so 


that any one tank may be the receiver, and any one can be cut 


The 


out lor reparr. 472-in, connecting pipes between the 
tanks are inclined at 60 deg., and the upper end is provided 
with a valve or cover, readily removable. When it is desired 


of the 
tank preceding it, as is also done in the case of the last 


to cut out a tank, the pipe cover is placed on the pips 
tank 
in the cycle. The overflow pipe of this tank is leit open whil 
The overtiow is 
in a box, and thence flows to an intermediate tank outside the 
filter house. The Pachuca tanks are connected at th« 


launders, and three of these have shoots inclined downwards 


those of all the others are plugged. received 


top by 


to carry off scum which is sometimes troublesome 

[he Moore system of slime filtration is used, and the gold 
solution is precipitated on zinc shavings. Melting of precipi- 
tate is done in a Steele-Harvey tilting crucible furnace. Elec- 
tric used throughout, and the 
lighted by 100 32-cp tungsten lamps 

Errors in Sampling and Assaying Ores Containing Coarse 
Gold.—A discrepancy between the quantity of gold recov- 
ered and that which apparently should have been found in the 


power is mill is effectively 


cyanidation of a low-grade ore, caused Mr. FRANKLIN WHIT! 


to investigate all possible sources of error in estimating the 
value of the ore treated and the residues discharged Some 
of the results of his investigations, particularly o1 
are contributed in Bulletin No. 103, Inst. Min. & Met 

It had been the custom to make three assays of 3 A.1 


and 


assaying 


each, 


weigh the combined buttons On investigation it 


found that the individual buttons did not check, that the 
mbined weight did not give an average result that could be 
relied from 10 per 


vere noted in a long series of assays 


was 
and 
Variations of 


upon cent to 30 per cent 


ik xamination of the ore showed that the gold existed chiefly 
na finely divided condition, but that occasionally it occurred 
as flake or leaf gold, and on rare occasions, as ve ry coarse gold 
n quartz. In crushing, the fine portion of the ore was always 
richer. Sampling and assaying, therefore, were difficult, and 
the errors finally were ascribed to the accidental presence of 
then 
The old 


coning and quartering method of sampling, as well as others, 


particles of coarse gold in the samples. Trials were 


made to ascertain the best way of obtaining samples. 


was subjected to critical tests, but without satisfactory results 

In order to show the effect of uneven distribution of large 
particles of gold in the ore, some ingenious tests were made, 
using ore containing small colored beads and lead shot, to 
which arbitrary values were assigned. Samples of this kind 
were quartered, and the number of beads and shot in each 
ample counted. The greatest variation imaginable occurred, 
and there was no uniformity in the number of beads appear- 
ng in the different samples at successive steps in the process 

The investigations were continued on typical ore samples, 
which were quartered carefully, and the final sixteen products 
if the 
tained, 


From the results ob- 
it appeared to the author that when coarse gold is un- 


fourth subdivision were assayed. 


evenly 
orrect sample by any means. 


distributed in an ore, the odds are against obtaining a 
Neither is it probable that the 
iverage of the assays of the whole final quartering will be 
The probabilities are in favor of the average being 

o high rather than too low, as the smaller and more evenly 
listributed particles of gold will be in much the same numbers 
n every case, whereas the larger pieces, less will 
e distributed more irregularly. 

The author is further of the opinion that fine grinding of 
the sample is not an adequate remedy, for this would simply 
result in evenly distributing the few coarse particles of gold 
throughout the and while the 
even, they would still be too high. 


orrect. 


in number, 


miass, results would be more 
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Che conclusion arrived at is that assays should be mad 
triplicate, and that repeats should be made in the cas 

notable variations. The abnormally high results should be 


rejected and not included in the average result 

The San Francisco Mill, Pachuca, Mexico.—This miil was 
the first to use the cyanide process in Pachuca, and was als 
the pioneer in the use of the Brown agitating tank, otherwis« 


known as the Pachuca tank. The present practice is described 


by J. P. Hoxtcomse, in Bulletin No. 103, Inst. Min. & Met 
Che ore contains principally sulphide of silver, with som«e 
manganese, galena, pyrite and blende. The latter three min 
erals are removed by coarse concentration. The average value 


of the mill feed is about 20 oz. silver and 0.10 oz. gold per ton 
lhe crushing machines are Blake crushers, Cornish rolls and 
through 
[he 
about 14 pet 


stamps The ore is stamped in cyanide solution 


screens having six or eight holes per linear inch first 


operation is concentration on Wilfley, whereby 


ceut of the valuable mineral is removed The tailings are 


classified and reground in tube mills 


The stamps have a much greater capacity than the tubes 
hence the small duty of the former, 5.57 metric tons in 24 
hours. The tube mill feed is kept as thick as possible and 
contains about 35 per cent moisture. All the tubes have | 
Oro linings. Mine rock is used instead of imported flint 
pebbles, and has been found quite as effective. The consumy 
tion is 67.5 lb. per ton of ore Chis rock contains approxi 
mately 6.43 oz. silver per ton. 

lhe classifier overflow, containing 8 parts solution to 1 of 


ore, is thickened to a consistency of 1.2 to 1, and ayitated in 


Pachuca tanks where sodium cyanide is added to bring up the 
KCN, 


Protective alkalinity 


strength of solution to 0.4 per cent 
tion is 1.83 Ib 


2 Ib 


sumption is 9.7 lb. per metric ton. 


Cyanide consump 
KCN per ton of ore 


kept at CaO by adding lime at the tube mill. Lime con 


Agitation is continued fot 


36 hours, following which there is a rest of 10 to 12 hours 


and then further agitation before filtering. 
\ Moore filter of 


24 hours, with the 


forty leaves treats 220 


following 


tons ot ore pe! 


cycle: Loading, 20 minutes; 


solution wash, 40 minutes; 


thick. 


washed 


barren water wash, 15 minutes 
Precipitation is done in boxes, anil 


through a 


The cake is 1% in 


the precipitate is 40-mesh screen and 


pumped into a Shriver press. No acid treatment is given. Oii 
for melting, 
oil per kilo of bullion. The 

5 per cent soda ash, 1 per cent lime and 2 per cent sand 


940 


furnaces are used consuming about 0.328 gal. of 


flux is 7 per cent borax glass, 
The 


bullion from 910 to fine in silver, with four to 


assays 
five parts gold. 
The average cost per metric ton milled is as follows 


a a a ee ae ee $o.11 
DE, hdres denen dneetnatceuaes 0.24 
CIE isin veckvwresneenens 0.04 
Tube mills and classifiers........ 0.29 
RN. ec ccccneadas awn ben 1.05 
RR aay rer ree ee ey ree 0.16 
PUR cai ieocvinekescdecks 0.09 
Precipitation and melting 0.41 
Sampling and assaying................. 0.13 
ee ee eee 0.05 
CS SEE. 66K 045 Kee saweewrescckdes 0.17 
PE 654d eRe ans bil WORCA A oe 0.81 
CI Es Bik 6 inh 5 00 eee ce ews 0.31 

$3.86 


The extraction during the period to which the above costs 
apply was 92.4 per cent of the silver and 94.5 per cent of the 
gold 

Slime Settlement 

A series of interesting experiments on slime settlement is 

recorded by Mr. W. SHELLSHEAR, in the Proceedings of the 


Australasian Inst. Min. Eng., Dec., ior2. The author used 
various minerals which were selected for their purity. The 
list includes zinc blende, galena, rhodonite, garnet, felspar, 


quartz, calcite, iron pyrite, copper pyrite, bornite, magnetite. 
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wolframite, scheelite, tin oxide, fluorspar, mica schist, steatite, 
kaolin, stibnite and molybdenite 

Each mineral was crushed extremely fine in an agate mortar 
Distilled water was used to make the suspensions, and some 
effect on the 
\n examination of the settling rates of the different 


reagents were added to determine their rate of 


settlement 
minerals showed that they could be divided into three classes, 


according to the time required for the settlement. Those re- 


quiring from 7 to 8 hours to one week were classified as slow 


settling; those settling in 4 to 7 hours, intermediate settling; 


4 


and those requiring only 1% to 3 hours, fast settling. In all 


Casts 


of mineral were suspended in 100 cc. distilled water, 
settle until the water was clear 


Class B, 
: Intermediate 
xide 4-7 da Copper pyrite 4-5 hr 
7 sornite 4-5 hr 
Molybdenite 4-Shr 
Quartz 7-9 hr 


allowed to 
Class A 


Slow 


and 


Class C, 

Fast 
Zinc blende 
Calcite 
Garnet 
Iron pyrite 
Magnetite 
Stibnite 
Galena 
Fluorspar 


different 


4 da 
3-4 da 
20-30 hr 

30-50 hr 

2-4 da 

Scheelite 3-4 da. 
minerals 
Those 


Investigation was made of the effect of 
other, with the following 
\ have ne 
of Class B have no effect 
of Class C will settle those of Class A if present in sufficient 
quantity; those of settlement of 
those of Class B: Class B will not settle Class A, but will either 
be held up or settle, leaving Class 
observed in the table that the sulphides are in 


Classes B and 


on each general deductions 


of Class effect on the settling of each other: those 
on the settling of each other; those 
Class C increase the time of 
\ in suspension. 
It will be 
C; also that three of the minerals of the slow 


settling Class A are of high specific gravity, tin oxide, wolf- 


ramite and scheelite. . Again, calcite, a mineral of low specifi 


gravity, is one of the most rapid-settling minerals in Class 
that for minerals 


show mixtures of 


there 


Curves are which 
of the 


settlement is most 


given 
which the 
dilution on 


is a definite ratio at 
that the effect of 
Thus 


different classes, 


rapid; also 


settlement varies with the different classes with Class 


\. the greater the dilution, the greater the settlement. as shown 
With Classes B and C, ae 


and with mixtures of ( 
suffi 


tn ¢ xide 
\ (provided the Class A 
excess to change the mixture into a slow-settling 


mineral is not present in 


ne), 
lilution does not affect the rate of settlement 


testing the action of electrolytes, the author found that 2 


of N/1o sulphuric acid per 100 cc. water hastened the settle 


ment in all classes. Calcium chloride has a similar effect, but 


is ally rapid on suspensions of silicious matter. Lime has 


ilar to that of 
(icc \ 


calcium chloride. Caustic soda in 


ill quantities 10 solution per 100 cc. water) causes 


remain im 


the electrolytes 


us slime t in large quantities, 


suspension 


however, t acts similarly te Alum and sodium 


classes of slime by forming precipitates 
settles 
while tannic acid kept all suspensions in a dense mass, depend- 
After 


suspension suddenly settles rapidly. 


carbonate settle all 


Potassium permanganate slime with great rapidity 


ing on the streneth of the solution continued agita- 


tion, however, the 





Test for Gold in Precipitated Solutions.—The following 
test was devised by Mr. Dowsett, reduction officer at the Brak 
\frica, for use in connection with the Merrill 
system of zinc-dust precipitation. To tooo c.c. of cyanide solu- 
tion add three drops saturated solution of lead acetate and 
shake. Add 0.75 g. zinc-dust and shake again. Add 20 c.c 
saturated cyanide solution and shake for 30 seconds. Pour into 
an evaporating dish and allow to settle. Pour off solution and 


pan mill, South 


dissolve zinc-dust with 10 c.c. aqua regia, boiling until the solu- 
tion is reduced to about 4 c.c. Decant the solution from the 
chloride of lead and pour a few drops into a test tube. Cool 
and add two drops of tin chloride solution. If gold is present 
to the extent of 0.02 dwt. per ton of the original cyanide solu- 
tion a very slight coloration will be observed; 0.03 dwt. will 
show a slight yellow; 0.04 slight pinkish-yellow; 0.06 strong 
pink, and 0.08 purple of Cassius. The test can be made in a 
few minutes, and indicates the efficiency of precipitation. 
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Refractories Manufacturers’ Association 


Closely following steps taken a number of years ago by in 
dustrial and manufacturing interests of all types in this coun- 
try, about forty of the leading manufacturers of refractories in 
the central, western, and eastern states have perfected an or- 
ganization known as the Refractories Manufacturers’ Associa- 
The last steps toward organizing the new association 
were taken at a meeting held April 22, at the Fort Pitt Hotel, 


tion 


Pittsburgh, which was attended by about two score of the most 
prominent officials connected with the refractories trade. 

Manufacturers of refractory products have long since felt 
the need of an organization that would bring them into closer 
personal and social relation with their competitors. Although 
such an organization had been discussed for a number of years, 
the project remained in an embryonic state until the early part 
of the present year, when renewed interest was taken in the 
movement 

The new organization is similar in many ways to those main 
tained by other business interests throughout the United States 
At the 
cepted, and officers were elected. Any individual or company, 


\pril 22 meeting, a constitution was drawn up and ac 


engaged in the manufacture of refractories, is eligible to mem 
bership and it is probable that the membership roll eventually 
will contain the names of official identified 
with the trade. 

The purpose of the organization is 
manufacturers, 


kinds of refractories; to improve the products of its members ; 


every prominent 
“to promote closer rela 


tions between dealers and consumers of all 


to standardize, as far as possible, the various designs and 
shapes of products manufactured; to endeavor to secure the 
most equitable freight rates for manufacturers and consumers 
and to promote social intercourse among its members.” It is the 
intention of the organization to secure some of the most promi 
nent ceramic experts, engineers, and manufacturers in the 
country to make addresses at the regular meetings 

Mr. H. D. Savage, of the Ashland Fire Brick Company, Ash 
land, Ky., was elected president and Mr. John H. Cavender, of 
the American Refractories Company, Chicago, was elected sec 
and treasurer of the Refractories Manufacturers’ Asso 


and it is the ultimate intention of the Association to 


retary 
ciation, 
have their own testing laboratory, etc 

The Executive Committee, composed of nine members, is as 
follows 

Missouri.—J. L. Green, Laclede-Christy Clay Products Com 
Louis, Mo 
S Reed, Chicago Retort & Fire 


pany, St 

Illinois. —C 
Chicago, IIl. 

Kentucky.—E. S. 
Olive Hill, Ky. 

Southern Ohio.—D. D. Davis, Davis Fire Brick Company 
Oak Hill, Ohio. 

Northern Ohio.—T. E. Thomas, Niles Fire Brick Company, 
Niles, Ohio 

Western Pennsylvania and West Virginia 
McFeely Brick Company, Pittsburgh, Pa. 

Central Pennsylvania.—Geo. H. Diack, Queens 
trick Company, Lock Haven, Pa. 

Maryland.—C. H. Claiborne, Union Mining Company, Mt 
Savage, Md. 

New Jersey & New England.—Cyrus Borgner, Cyrus Borz 
ner Company. 

The members of the association will meet in Pittsburgh. May 
20, at their next meeting and an interesting program is being 
arranged. 

It is the general feeling of all parties concerned that th: 
association cannot help but be of great benefit, both to th: 
manufacturer and consumer, not only in such matters as th: 
improvement of quality and character of products of its mem 
bers, but also in working out and putting into effect efficient 
methods of manufacture, reduction of costs, standardization and 
all other problems of common interest to this important in 
dustry. 


trick Company 


Hitchens, General Refractories Company 


J. H. McFeely 


Run Fire 
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The Production of Sound Steel Ingots 

Some seven years ago experiments were commenced by the 
Simonds Manufacturing Company, of Fitchburg, Mass., at their 
Chicago plant, aiming to develop a method for the production 
of sound ingots especially for the manufacture of saws, and 
the method and apparatus briefly described is the outcome ot 
this long series of experiments. When it was first suggested 
that the ingots commonly used in crucible steel mills be made 
sound by fluid compression, it was feit that it would not be 
practical to develop a method and apparatus that would handle 
the very small ingots which it would be necessary to operate 
on, and it was found by investigation that practically no plants 
were in operation working on ingots of much less than a ton 
weight. 

Having this in mind, the first experiments along the lines of 
method and pressing apparatus were on small experimental 
ingots weighing but 15 lb. each, and it was found that there 
was no difficulty whatever in producing these absolutely sound 
and without blowholes or pipes. The next step was on slightly 
heavier ingots, weighing around 110 lb., and of rectangular 
cross section 3% in. x 5% in. A pressing unit was then built 
capable of handling one 400-lb. ingot or two 200-lb 
each heat and, 


ingots at 
with modifications from time to time, this ar- 
rangement has been found very satisfactory and at the present 
time at the steel plant of the Simonds Manufacturing Com- 
pany, Lockport, N. Y., eight presses are in continuous opera- 
tion, making ingots ranging from 180 lb. up to and including 
600 Ib. in weight. 

It was found early in the series of experiments above re- 
ferred to that it was quite out of the question to compress 
ingots in the same molds in which they had been poured, 
chiefly for the reason that the mold cost and up-keep was too 
great to make the proposition a commercial one 
that 
operated on more satisfactorily than any other cross section 


It was found 
an ingot of approximately square cross section could be 


(excepting round or octagon), although ingots have been made 


a a 
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I.—GENERAL ARRANGEMENT OF PRESSES FOR HANDLING INGOTS 
satisfactorily by the process with a cross section 4 in. x 8 in. 
xX 12 in., and weighing respectively 350 and 600 Ib. 

Another feature which our first investigations revealed was 
he fact that practically all attempts to compress ingots by 
ateral pressure previous to the method outlined here had been 
along the lines of placing a large number of molds “tandem” 
style in one pressing unit, and investigation as to the effect of 


this arrangement showed conclusively that there is practically 
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only one ingot in the series that could possibly receive proper 


treatment. Aside from this, most of the this 
nature was rather cumbersome and expensive to operate and 
the press had to be practically dismantled to get the ingots out 


aiter they had been operated on. 


apparatus of 


It was, therefore, considered 
desirable to set to work on the lines of producing an apparatus 
possessing the following general features: 


First, have the units small and extremely simple so that if 
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POSITION WITH INGOT PARTLY DES‘ 
one unit was out of order for any reason it would not in any 
way affect the rest of the plant. 

Second, design these units so that the plant could be added 
to and the system extended at will and, at the same time, have 
each unit entirely separate and independent of the others so 
that it could readily be lifed out of its place with a crane if 
out of order or damaged and a spare unit put in its place. So 
far it has never been found necessary to do this, but it was 
considered desirable to have this in mind in developing this 
method 

Third, be able to operate on the ingots in such a way that 
every individual ingot receives precisely the amount of pres- 
sure and time necessary to get the best results without ref- 
erence to any of the other ingots being cast at the same time. 

Fourth, develop a that would be so 


simple and rugged that it would not require a different type 


extremely 


mechanism 


of labor to operate than is commonly found in melting shops. 

In a general way, the method consists of casting the ingots 
in molds made of special cast iron and, while the ingots are 
still internally fluid but sufficiently set so that they will not 
burst by careful handling, they are transferred mechanically 
to steel compression dies where they receive lateral or 


I 


compression of from 14 


“side” 
to 3 tons per square inch of greatest 
area of cross section operated on, this pressure depending 
largely on the composition of the steel, temperature of the 
steel when poured, etc. 

Fig. 1 shows the general arrangement of presses for handling 
ingots up to 1% or 2 tons and as small as may be desired, and 
as many of these presses as are necessary for a given output 
are arranged side by side, supported in any suitable way, de- 
pendent on local conditions. An extension of the back end of 
the press serves as a support for a working platform which is 
made continuous from press to press, this working platform 
on the smaller size presses being approximately 3 ft. wide and 
the length of course varying with the number of presses mak- 
ing up the installation. 
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shown quite plainly in Fig. 3, 
ntrol 


which also gives a good 
racks. It 


foreground 1s 


f the valve ec stands and the ingot will 


be noticed in this view that press No, 1 in the 


equipped with two molds whereas the rest of the presses are 


each equipped with one large mold \ full equipment of both 


working all of the 
Other 


molds and dies are provided, however, for 


presses simultaneously on either e of ingot odd sizes 


presses where the small tonnage 
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ith the special molds 


and also 


satisfactory and 


the stripping peration 


ne which the ingots are 


f warping and distorting 


the molds in split molds where the 


is allowed co n the molds to a point whet 


usually is ipped lds are in operation in Lockport 


present ti running eight months nigl 


show cracks im the 


shight 


the press pro] 
id desirable 

weight 

f machining 
easily ugh han 
end ot 


end. the se 


damaged by ri 
cylinders torm one 
forms the other 
by cast steel side 


that the greater the 


provided, so 


and the rams the closely 


more 
back 


the press members together have, 


on the cylinders and head 


keep the members in place when there is no 


on the 
\ simple 


1 


hydraulic 


rams or when handling the units 


retracting arrangement for the head and 


cross 


rams is provided which, in the case of the smaller 


size units, is usually a spiral spring and which, in the larger 
sizes is a hydraulic cylinder of very small cross section relative 
to the cross section of the pressing cylinders and which is piped 
to the high pressure supply without any provision being made 
for valves « 

The 
the molds into the compressing dies consists of a hydraulic cyl- 
inder and ram 


ir control 


mechanism for lowering the partly cooled ingots from 


carried on two swinging arms (one on each side 
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of the press), so that it may be brought out of vertical align 


ment with the dies when desired and leave the pit under the 


cies absolutely clear and unobstructed. The mechanism for ac 
complishing this result consists of a small low pressure cyl 
inder usually mounted on the back end of the press and pro 
vided with a simple cross arm and connecting rod arrange 
ment controlling the movement of the swinging arms carrying 
the lowering ram cylinder noted above Che controlling valves 
and mechanism are extremely simple, all of the movements of 
the ingot after it leaves the mold being accomplished by one 
low pressure controlling valve 
notch to 


. the handle of which being moved 


from notch each of the 


properly and in their proper ordet 


causes parts to functior 
The high-pressure cylinders 
ire controlled by a simple form of stop valve and a simple one 


way valve for discharge 


Mounted above the compressing dies is a mold-carrying rack 


which needs very little explanation, as the drawing Fig. 1 


shows quite clearly the Tie 


molds sizes 


this works 


and in the 


principle on which 
split smaller 
this mold-carrying rack is operated by hand and in the large 


S1Z€s by 


shown here are molds 


a small hydraulic cylinder mounted on the side of 


the press trame and which is not shown in this drawing. In 


gots oft 


various cross sections have been operated on by the 


regular equipment, but the present molds and dies are designed 


and built for pressing the ingots corner-wise: that is, with 


one of their cross-section diagonals at right angles and the 


ther normal to the direction of compressing, and ingots of 


square have been found to work out 


cross section better not 
only from the compression standpoint but also for subsequent 
operations in the mills 


The bottom of the split mold referred to is formed partly 
} 


by a removable round taper block carried on the lowering ram 
and so 


arranged that when the molds are “set up” this lowering 


ram is in its uppermost position and the taper block forms a 
bottom closure” to prevent steel from running through the 
that blocks or mold 


bottoms take practically all the wear of the mold, such as the 


bottom of the mold. It is 


found thes« 


cutting effect of the stream of molten steel when pouring, and 


FIG. 4.—VIEW OF POURING 


they are practically the only parts that have to be 
under seven or eight months, and these ordinarily last whet 


running night and day on one 30-pot 


renewe: 


furnace from two t 


three months. The regular procedure or operation on ingots 
with this apparatus is as follows: 

The well smoked withou! 
removing from the racks) are locked together by the toggl 
arrangement shown in the drawings and the lowering plunge: 


molds (having been previously 
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brought to its uppermost position so that the bottom of the 
mold is closed by the taper block referred to. The controlling 
valve on the high pressure cylinder is, of course, closed and 
the discharge valve opened and the dies are thus opened to a 
predetermined point. 

The molds are now poured by any approved pouring device, 
but at the plant described by a top-poured hydraulic operated 
ladle, shown in the half-tone, Fig. 4, and after pouring the 
ingots are allowed to set a pre-determined length of time, de- 
pending on the size of the steel, etc., 


ingot, composition of 


but in any event just as short a time as is necessary to form 


a light skin which will not burst open when the ingots are 
stripped. This time varies from one to five minutes on ingots 
from 150 to 600 Ib. in weight and of various composition. The 


stripping mechanism is now operated so that the molds occupy 
the position shown in Fig. 2 (which shows the ingot partly 
descended into the dies), leaving the ingot supported at the 


top end by the molds (which are not opened much, if any, at 


their top ends) and by the tapered block at the bottom end 
which forms the bottom closure of the mold during the pour- 
ing. 


rhe low-pressure controlling valve handle is now moved one 
notch, causing the ingot to descend into the compressing dies, 
the speed of this descent being controlled by a stop cock in the 
discharge line 
with 


The lowering cylinder is provided at its lower 
end a spring or in some cases with a hydraulic stop so 
that the ingots are brought to rest very gently and in a posi- 
The 


high-pressure release valve is now closed and the low-pressure 


tion suitable for the pressing dies to operate on them 


ontrolling valve handle is moved to the next notch and low- 


pressure water is thus caused to flow from the low-pressure 


the high 
pressure compressing cylinders and the compressing dies are 


supply through a high-pressure check valve into 
thus rapidly moved up to and in contact with the ingots and 
the clinders filled with water under low pressure, usually 100 

125 lb. The high-pressure controlling valve is then opened 
ery slightly and compression is commenced. At this point, 
the ingots are still fluid internally and have not begun to show 
the slightest sign of pipe or 

Che 


lowly, indeed, so 


“sinking” in the top end 


compressing cylinders are allowed to come up very 
as to just keep the ingots from forming pipe 
nd this is continued until by 
the solid 
the slightly and a 
mall amount of the last portion of the ingot to cool is squeezed 
it of the top, this, of 


mentioned by A 


experience it is known that the 


ngot 1s very near point of setting or becoming 


throughout, when pressure 1s increased 


course, being the liquated portion 


Capron in his very able 


Iron & Steel 


paper before the 


ritish Institute of 1906 and, as pointed out by 
Ir. Capron and others, this liquated portion contains prac 
ally all the segregation and is decidedly higher in phos 
orus, sulphur and other impurities. This liquated portion 
rms a rough ball-like knob on the top end of the ingot and 
practicaily the only portion of the ingot not suitable for 


ishing and in weight varies from 2% to 4 per cent. of the 
tal weight of the ingot. 
\s soon as the compressing dies have a good grip on the 
ots so that there is no possible danger of their dropping 
ough into the pit, the low-pressure controlling valve handle 
moved to the fourth notch, causing the low-pressure cylinder 
move the ingot-lowering cylinder out of vertical alignment 
th the compressing dies and the controlling valve is then 
in this position until compression is completed. 
Che pressure is kept on the ingot for a considerable time 
er they have ceased to “rise”; in fact, after they have 
ched the point where they are considered solid the pressure 
juite materially increased and the ingots then receive what 
irtually a hydraulic forging treatment which tends to break 
the coarse crystals formed in cooling into a fine crystalline 
icture much resembling an ingot worked under a hammer 
forging press. 
Vhen the operation of compressing is completed, the high- 
pi -ssure control valve is closed and the discharge valve opened, 


n the dies immediately retract and the ingots drop through 
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into the pit, and this may be provided either with a bottom of 
sand so that the ingots may be given a partial annealing before 
going to the stock piles, or the ingots may be dropped on to 
Cars Or a conveyor 


The resulting ingots have the appearance 
shown in Fig. 5, this being from a 4o0-lb. ingot split longi- 
tudinally, while Fig. 6 is an ingot poured at the same time 
weighing slightly less on account of its decreased length and 
not compressed 

here is no dismantling of the presses to discharge the in 
gots and the operation of setting up ready for 


another heat 


takes but a few minutes. In fact, the first of the presses to be 
that is the molds locked to 


low-pressure valve handle moved to the first 


poured are quite often set 


gether and the 


up, 


notch of its quadrant, thus causing the lowering ram to ris« 
to its uppermost position and the taper block which it carries 
to close the bottom of the mold, before the last of the series 
have dropped their ingots and the total operation of setting up 


eight presses occupies but 10 or 12 minutes, the greater part 


of which is used in smoking the molds 


One man easily operates eight presses and the presses are 


so designed that they may take care of from two to three fur 


naces (in the plant being described these being being 


30-pot 





INGOTS 


WITH AND WITHOI! COMPRESSION 


crucible furnaces), providing all the furnaces are running on 


the same size of ingots so that it is not necessary to change thi 
molds and the heats, as the 


that the 


dies between 


presses are amply 


provided with cooling facilities so parts do not be 


come overheated. 

It is quite obvious that with the hot ingots in contact with 
the mold walls only about 1/20th of the time usual where they 
are allowed to cool in the molds, the latter do not get over- 
heated and no artificial cooling of any kind has been found 
necessary on the molds. The cross head and, on large presses, 
the compression dies are provided with water cooling, and the 
high-pressure cylinders are also piped so that when they are 
not under actual load low-pressure cooling water may be cir- 
culated through them, thus keeping the rams and packing 
leathers at a reasonable There has been no 
with packing leathers, all of 
average run ten months, night and day, 


temperature. 
trouble whatever experienced 
these having on an 
without renewal. 
The pressing dies, as mentioned early in these notes, are of 
cast steel and in the equipment described there are two grades; 
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that is, one-half of the dies are of .40 carbon and the remain- 


der .70 carbon steel castings, but up to the present time there 
is no appreciable difference in their performance, as all of the 
dies show practically no signs of wear and should last at least 
and as the design has made allow- 


should last 


one year without replaning, 
ance for at least seven or eight replanings, they 
four or five years without renewal. 
One point of special advantage in changing from one size 
ingot to another is the fact that there are absolutely no fasten- 
ings of any kind holding the molds or dies to the other mech- 
anism, excepting that the molds are provided with loose links 
which drop over one of the cross bars in the moid rack and 
can be readily lifted out by hand or by using a pair of tongs. 

The molds are usually lifted out of the rack with ihe crane 
special hooks being provided for this, and it is no 
trouble to lift 
racks 


one 


in pairs, 
mort them out or in 
the mold 
up from 
floor 





than lifting them 


position on the mill 





and setting them down in an- 


The 


simply lifted in or out of the press 


other compression dies are 








frames and gravity alone keeps them 
in place The 
movable dies is accomplished by a 


retraction of the 
loose fitting link, one end of which 
engages a pin in the top end of the 
movable die, the other end a pin in 
the top end of the cross head, and 
this is readily lifted off and on with 
tongs or by hand 

The plant at Lockport is served by 
a single-acting triplex, high-pressur: 
with 1! and 8-in 


pump ;-In. Trams 


= 


stroke and driven by a 15-hp. motor, 
| 





and the low-pressure supply is ob 


' 


tained by a 3%-in. x 4-in. triplex, 


single acting pump running at 100 Ib 
a 3-hp. mo- Y 

tor, and as these pumps are only run yy 

one-half hour at each heat, it 

that the 


WOy 


pressure and driven by 


about 


as obvious power consump- 


extremely low 


tion is Both pumps 
have a common supply tank and, of 
course, the discharge from the cyl 
inders is back to this tank 

This portion of the plant was so designed that, if found de 
sirable, during the extreme cold weather incurred at Lockport, 


HYDRAULI 
VALVE 


piped 


a solution of alcohol and water could be used to guard against 


freezing, but so far this has not been found necessary as the 


radiated heat from the adjacent furnaces has been sufficient 
to obviate any trouble from freezing. 

It may be said in passing that all of the hydraulic valves on 
the high-pressure side of this system are designed on the lines 
shown in Fig so that the valve and valve seats can be re- 


moved very readily for repairs without breaking any pipe 
The time for making a change on any of these 
valves practically never exceeds 30 seconds, and on a test has 


been 


connections 
done in 9 seconds, and as the parts are extremely sim- 
ple to machine, this is one of the least of the troubles in the 
every day operation of this plant. It has been found desirable 
to also equip the hydraulic pump which operates at 4500-Ib. 
pressure with valves of this general type, so that there is never 
any shut-down or stoppage on account of leaky valves. 

In a general way, the method is not intended to be a curative 
one, as tests made in our early experiments proved conclusively 
‘that if a pipe in an ingot had once developed and sulphides 
and oxides formed on the surface of the cavity, it was prac- 
tically impossible to weld it up or cure it in any way, but the 
method is preventive and most effectively prevents a pipe 
forming. Various grades of steel have been operated on that 
may be made in a crucible or electric furnace, but practically 
all of the tonnage so far handled is tool steel used in the 
manufacture of saws and machine knives, this including straight 
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content for the purpose 
It has found, how- 
ever, that in the case of strictly high-speed and semi-high- 
speed steels the apparatus must be handled very carefully and 


steels of the usual carbon 


noted, as well as low alloy steels 


carbon 


been 


the ingots at once annealed after pressing, this owing to the 


increased density of the already very dense material, owing 
Great care must also be taken in re-heating 
ingots of this type that the heat is brought up slowly and uni- 
formly to prevent the ingots bursting. 

The plant as described above has been working night and 
day for something over a year and at the present time all of 


the band saw and circular saw steel, excepting the very small 


to compression. 


circulars, are made from compressed material and equipment 
will enable the 
Simonds Mfg. Co. to compress every pound of steel made in 
Lockport. 

It has been found that the total cost of operating this plant 
is less than 3 per cent. of the value of ingots operated on and 
this will be reduced somewhat when the new equipment is com- 
pleted, as a greater tonnage of ingots will be handled with no 
increase in labor cost and a decrease in capital charge, for the 
reason that interest and depreciation is now taken at I5 per 
cent. on not only the total cost of the plant as a going propo- 


is now in process of construction which 


sition, but also on all of the experimental work and expense 
up to date 

Experiments are also under way for a modification of the 
device to be used, especially on large ingots in which the split 
molds are replaced by the usual form of solid tapered mold 
| andled by an ingot stripper of the usual design. The process 
and apparatus is covered by patents Nos. 922,587 and 926,489 
of 1909 and 1,056,101 of 1913, as well as patents in foreign 
countries, all granted to Mr. L. E. Howard and assigned to the 
Simonds Mfg. Co 


Iron and Steel Committee of the American Institute 
of Mining Engineers 


The following Iron and Steel Committee has been appointed 

the American Institute of Mining Engineers to serve until 
the next annual meeting: Charles Kirchhoff, chairman; Albert 
Sauveur, vice-chairman; Herbert M. Boylston, secretary, Ab- 
John Birk- 
inbine, William H. Blauvelt, James Gayley, Henry D. Hib- 
bard, Henry M. Howe, Robert W. Hunt, J. Esrey Johnson, Jr., 
William Kelly, Richard Moldenke, Joseph W. Richards, A. A 
Stevenson, Felix A. Vogel, Leonard Waldo, William R. Walker, 
William R. Webster, Frederick W. Wood. 

The various interests of the iron and steel industiy are 


bot Building, Harvard Square, Cambridge, Mass. ; 


authoritatively represented on this committee by producers of 
(iron coke and 
etc.) and of finished materials, by consumers, consulting metal 
lurgists and educators. 

The primary duties of the committee are to secure importan! 
papers on iron and steel, to promote their discussion, to or 
ganize lively and fruitful meetings and otherwise to foster th 
interests of the large number of members of the Institute cor 
nected with the iron and steel industry in its many phases. It 
success during the past year has been noteworthy and wa 


raw materials ore, other fuels, refractories 


highly conspicuous at the meetings in Cleveland and New Yor 

Since the next meeting of the Institute is to be held in th 
mining district of Butte, far remote from iron and steel cet 
ters, plans are now being made for a meeting in a more a 
cessible place in the latter part of October under the auspic« 
of the Iron and Steel Committee to be devoted to the presenta 
tion and discussion of papers relating to iron and steel. 


Bureau of Standards’ Analyzed Samples of Acid 
Open-Hearth Steel 


The Bureau of Standards, Washington, D. C., has now rea 
for distribution samples of acid open-hearth steel with 08 p 
cent and 1 per cent carbon, the fee being $2 per bottle holdi: 
about 150 grams. 
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AND 


A New Recorder Pen Arm to Facilitate the Changing 
of Charts 


Every user of recorders has found, without doubt, the chang 
ing of charts to be a continual source of annoyance as well as 
time-consuming operation, owing to the obstruction caused by 
any practically rigid pen arm. The lifting of the pen arm 
from the chart holder, retaining it in a strained pos-tion with 
ne hand, while the chart is changed with the 


other, without spilling the ink or soiling the 


chart, requires considerable practice and dex 




























terity 

The Schaeffer & Budenberg Manufacturing 
Company, of Brooklyn, N. Y., have applied for 
patents on a new recording pen arm to be used 
xclusively on their Columbia recording gauges, 
Columbia recording thermometers and Colum 
ia tachometers 


The three elements of the new Columbia pen 





irm and their respective functions are clearly 






apparent from Fig. 1, in which the upper part 
is the pen arm proper, the lower part is the 
pedestal, so to spe ak, and between these two 


parts there is the adjusting screw 
In Fig. 2 the pedestal is directly connected t 
e recording element of the instrument, the pen 
arm being placed over this and retained ther 
by its slight resiliency and with the aid of 
the pin on the adjusting screw 

When the chart is changed, the pen arm is 
drawn towards the operator, lifted off the pin, 
and allowed to drop down to the right whik 
the pedestal remains stationary (see Fig. 2) 


The obstructing pen arm being thus removed, 












and both hands being free, the chart can be 


changed and the pen arm placed in its proper 
position again in an instant The adjusting 
screw represents an important feature. A slight 
manipulation of the thumb adjusts the pen arm 
whenever necessary 
The Schaeffer & Budenberg Manufacturing 
] 


Company have just issued a handsome and com- 





prehensive catalogue on their Columbia record- 
ing gauges, in which the Columbia pen arm is 
illustrated and described 


A New Ammeter and Voltmeter 


The Keystone Electrical Instrument Company, 
of Philadelphia, Pa., has been perfecting for 
the past year a midget ammeter and voltmeter 
3 in. in diameter of the highest grade for use 
on switchboards, automobile dashboards, and for 
portable service where a small instrument is 





I.—RE- particularly desirable. 
RDER PEN In bringing out these instruments the Key- 
ARM stone Electrical Instrument Company has en- 


deavored to reduce the number of parts re- 
ired in the standard d’Arsonval system to a minimum 
is a well known fact that the d’Arsonval principle is the 
st accurate for direct-current measurements, and in order 
reduce the cost of these small instruments, and at the same 
1e produce a high-grade accurate instrument much study has 
en given to this feature 
The adjoining illustration shows the board-type Keystone 
meter, with cover removed, showing the simplcity of con- 
uction. A tungsten-steel magnet of unusually large size is 
ed so that permanency can be secured, and to increase the 
ad-beat operation of the instrument. 
This magnet has no special pole pieces, the poles being ac- 
‘ately ground. This does away with the magnetic joint be- 
tween the magnet and the pole pieces, and also increases the 
magnetic strength. The bases are of moulded material to 
insulate the studs carrying the current through the switchboard, 
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or dashboard, and this material is also used so that the mag- 
netic strength may be unaffected lo obtain the greatest 
strength from the magnets the covers are also formed of brass 
instead of iron. All holes in the covers and bases are square 
so there is no possibility of turning of any of the parts when 
tightened up 


The aluminium coil form, seven thousandths of an inch in 
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FIG, 2.—PEN ARM ON RECORDER 


thickness, on which the fine enameled wire is wound, swings in 
sapphire jewels between the poles of the magnet. The pointer 
is of aluminium tubing twelve thousandths of an inch in out- 
side diameter and with a wall one thousandth of an inch thick, 
ind the whole moving element weighs only slightly over one- 


tenth of a gram, or the weight of one common pin. With a 


































AMMETER WITH COVER REMOVED 


moving element so exceedingly light as this the instrument is 
absolutely dead beat in operation, and the pointer does not os- 
cillate, although the instrument is subject to severe vibration. 
This exceedingly light moving element also has the advantage 
that there is very little weight whatsoever on the pivots and 
bearings, assuring long life for the instrument. The scale is 
white enameled on brass except where the black scales with 
white letters are preferred. 
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Concentrating Low-Grade Iron Ores in Michigan 
In iron mining in the Lake Superior District, as in base and 
precious metal mining in the West, the problem of utilizing low- 


With the gradual exhaus- 
tion of the more desirable ore comes the demand for suitable 


grade ore is of growing importance. 


There ar 
Lake 
[wo of these, in Minnesota, were described 
At both of these mills the 
ore is treated without crushing other than that received when 


The 


methods of preparing low-grade ore for reduction. 


but three important iron concentrating mills in the 


Superior region 
November, 


in this journal in 1912. 


it is blasted and steam-shoveled in the open pits system 














IRON-ORE CONCENTRATOR, BOSTON-AMERICAN MINING COM 


PANY, DIORITE MICH 


is merely one of washing in trommels and log-washers, with 


concentration of the finest ore on tables 


Since the erection of these two mills in Minnesota, a third 


has been built by the Denver Engineering Works Company, 


Denver, for the American-Boston Mining Company, at Diorite, 
near Ishpeming, Mich This mill is designed to treat an ore 
which requires ner 


crushing than those ot 


Minnesota, and the fea- 
ture of the process is the 


use of jigs, which are not 


ised in the other two 
mills. Before the (meri 
can - Boston mill was 
mult, it was necessary 


to exercise care in the 


selection of ore shipped 


from the mine, produc- 
ing only that which con- 
tained a sufficiently high 
percentage of iron to 


bear the cost of trans- 


portation and reduction 
\ great deal of ore was 
could not 


found which 


he thus mined = and 
shipped, and it was for 
this 


mill 


the enrichment of 
that the 
The dual re- 


material 
vas built 





sult has been a reduction 


n the cost of mining, FIG. 3. 


—PULSATOR JIG 


ind the conversion of a 


ermer waste into a valuable product. The ore now being 
reated is hematite in the form of alternating bands of mineral 


ind gangue. 

A general view of the mill is shown in Fig. 1, and a flow- 
heet is given in Fig. 2 (p. 356). The ore is crushed in gyra- 
ories and elevated by belt conveyor to the mill bins. It then 
asses through revolving screens, $¢-in. mesh, the oversize from 


vhich is crushed in rolls. The screen undersize and the roll 
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product are combined and elevated to two trains of revolving 


screens which deliver jig feeds of the following limiting sizes 
10 to 7 mm; 7 to 4mm; 4 to 2 mm; and minus 2mm. Each of 
these grades is treated in a separate group of Richards pulsator 
jigs, 15 of which are suitably arranged on two floors 

The jigs deliver coarse concentrates from side 


gates above 


the screens, and fine concentrates from open spigots in the 
hutches. The tailings from the jigs on the upper floor are 
dewatered and retreated in jigs on the lower floor. Simpl 


screening has been found an efficient method of treating the 


tailings from the 2 mm jig, for when this product is thickened 


and passed over a 20-mesh Callow screen, the oversize can be 
The undersize 


discharged as tailing is classified in a Richards 


pulsator classifier of the launder type, the spigot discharge con 
centrated on a Deister table. 


after 


and the overflow similarly treated 


thickening in a Callow 


cone 
Coarse concentrates are dewatered in a box, and fine concen 
trates in an Avoca spiral dewatering machine Both products 


are delivered to the same belt conveyor with about 15 per cent 


moisture, and elevated to a filter-bottom concentrates bin \ 


automatic bucket sampler is placed between the elevator dis 
charge and the bin 

The arrangement for unloading concentrates from the bins t: 
railroad cars can be seen by reference to 


mill 


the photograph of the 


and the flow-sheet. Concentrates can be discharged by 


gravity from the bins to an electric larry which runs on a 


track 30 ft. above the ground, delivering the material either t 
the railroad loading bins or the stock pile 
\ point of this 


pulsator jig shown in Fig. 3 


interest in mill is the use f the Richards 


Despite the fact that the opinion 
not adapted to hutch 
work, the richest and greatest amount of concentrates produced 
at the hutch The 
success of the jigs is interesting also because the ore cannot be 


formerly prevailed that these were 


jigs 


\merican-Boston mill is from the 


spigots 
regarded as specially adapted to jigging on account of the pri 
duction of thin flat scales of mineral in crushing 

Che water supply is obtained from a small lake, being pumped 
to a sump at the mill, whence it is raised to the mill storage 
tanks by centrifugal pumps. A large part of the water dis 
charged from the mill with the tailings is recovered in a settling 
pond, the overflow from which gravitates to the mill sump 

The arrangement of the mill is such that most of the opera- 
tions are automatic, and only four men are required per shift 

Since the mill was put in operation and adjusted, it has been 


Within 


ducing 60 per cent iron concentrates at the 


running steadily. two weeks of the 


start it was pri 


rate of seven stan 
dard-gage ore cars per day. The 


still 


increase the 


present capacity 1s 500 tons In 


24 hours, but space is available for more and the 


Jigs, 


management expects to capacity to 900 tons per 


day Che local manager for the 
Mr. J. R first to appreciate 


the possibility of enriching the low-grade iron ore by concen- 


\merican-Boston company is 
Thompson, who was one of the 


tration 


High Vacuum Surface Condensers is the title of Bulletin 
106A, Wheeler 
Condenser & Engineering Company, of Carteret, N. J. This bul 
letin takes up such subjects as the effect of condensing on steam 


recently issued for general distribution by the 


engine and steam turbine a kind of 


condenser: the design of high vacuum surface condensers; the 


economy; the choice of 
infiuence of steam distribution; the effects of Hooding on con- 
denser surface, and explains the advantages of the Wheeler 
dry tube condenser. The bulletin then discusses the details of 
construction of Wheeler surface condensers, considering such 
points as the shape of shell, tube plates, tubes, packing water 
boxes, etc. Consideration is then given to the subject of air 
The Wheeler Condenser & 
Engineering Company manufactures direct-acting wet air pumps 
for steam engine service, also the well-known Wheeler-Edwards 
air pump for high-vacuum work, several types of reciprocating, 
rotative valve dry vacuum pumps, and also the Wheeler-Turbo 
air pump for the direct connection to the steam turbines of 
motors. 


pumps for surface condensers. 
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The Design, Construction and Uses of 


Centrifugals 
By H. H. Stephens 


n principle of centrifugal machines, 


a construction that permits a basket to rotate around 


supporting 


rather than its geometrical center, is old, 
’ 
all te 


gravity 
admitted by be the best present solution we have 
ling unequally loaded charges on the centrifugal bas- 
he minimum amount of wear on the apparatus 
engineers and 


the 


een, and is, the ultimate aim of many 


produce a centrifugal machine, for purging 


uses, that would be continuous in its opera 


pense with the continual starting and stopping ; 


operation that is most destructive to machine 


DIRECT ELECTRICALLY DRIVEN CENTRIFUGAI 


and which naturally cuts down output of machine and con- 
sumes much more power than if machine runs continuous. 
However, the present state of the art does not reveal a prac- 
operating centrifugal, although much thought 
and study have been given to this. Such a machine would be 
ideal for but doubtful whether or not a 
continuous centrifugal could be used to universally supplant 
the present type of machines. For instance, a continuous ma- 
chine might be devised to operate satisfactorily on first-grade 
fine sugars, but it is a serious question as to whether or not 


the same machine would successfully handle low grades and 
seconds on account of the entirely different characteristic neces- 


| 


tical continuously 


some purposes it is 


sary on the acceleration periods 

Therefore, in view of the absence of such an ideal machine, 
and moreover, as there is a probability of its not being uni- 
versal in application it seems that the intermittent operation 
of the present centrifugals is a necessary evil to which the 
efforts of all engineers should be directed with a view to 
lessening the same. The mere fact that such starting and stop- 
ping is necessary, not only means a decrease in economy and 
efficiency, but it also means, which is extremely important to 
the sugar maker, that the quality and consistency of the dis- 
charged sugar absolutely depends on the acceleration periods 
be absolutely the same 
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It thus becomes apparent that, in addition to being the most 
severe part of the cycle of operation, the intermittent starting 
imposes upon the designer the necessity of consistent, unvary- 
ing performance to maintain a standard of output both in qual- 
ity and quantity; in fact the behavior of a centrifugal during 
this period reflects strongly on its design and construction. 

Since this phaase of the service is so exceedingly important, 
it follows that the successful centrifugal must possess the fol- 
lowing underlying principles as upon these depend the opera- 
tion of the entire machine. 

1. The operation of starting and stopping must be through 
one lever rendering the machine as fool-proof as possible. 

2. All parts of machine, especially spindle and basket, must 
be designed amply heavy on account of the severe strains dur- 
ing this operation. 

3. The driving motor must be special and designed to handle 
the severe overloads during the starting period and 
must be independent of centrifugal 

4. A simple, reliable and rugged starting apparatus 
that will 
yond a certain predetermined point, no matter how 


insure motor never being overloaded be- 
suddenly it is started. 

5s. A powerful brake, accessible for relining and 
designed so that the pressure applied is predetermined 

‘and not dependent upon the action of the operator 

6. A suspension with proper design of buffer to 
restrict oscillation and provide a cushion to absorb 
vibration in bearings and supporting framework. 

7. A starting apparatus that must be designed so 
that variable acceleration can be obtained readily and 
quickly ; and once set must be beyond the immediate 
control of the operator 

8 A conspicuous absence of all delicate moving 
parts in machine, motor, or controller. 

9. The number of wearing parts and parts requir- 
ing lubrication must be reduced to a minimum, and 

parts such as bearings and buffers must be so placed 
to be taken out and replaced quickly 

10. The machine must be designed that repairs can 
be effected in the shortest possible time and avoid any 
possible tie-up during the running season. 

To sum up the above, it becomes apparent that a 
centrifugal to give maximum output at minimum cost 
should possess all the essential features thus enumer- 
ated. 

There are four standerd methods of driving centri- 
fugals in use at the present. Together with their 

characteristics, they are as follows: 

1. Group belted to one driver: Low first cost, low efficiency 
and output, and high maintenance cost. 

2. Individual water driven: High first cost, low efficiency 
and ouput. 

3. Belter to individual motors: Moderate first cost, fair effi- 
ciency, expensive belt maintenance and fair output. 

4. Direct electric driven: High first cost, maximum output 
and efficiency, minimum maintenance. 

Until recently, it has been the feeling among most engineers 
that the belted machines as described under Class 1, repre- 
sented the successful conservative combination of economy 
and output, but lately, upon fully studying the numerous ad- 
vantages of the direct electric-driven centrifugals, this atti- 
tude has gradually but surely changed in favor of the indi: 
vidual motor, with the result that many modern plants are now 
employing or specifying exclusively direct motor-driven cen 
trifugals. 

The economic centrifugal is never the lowest in initial in 
vestment, but it is the machine giving maximum output wit! 
minimum power, having fair efficiency, giving a product of con 
sistent quality and being free from serious breakdowns an: 
with low maintenance costs. 

The types and uses of centrifugal machines are numerous anc 
steadily increasing. New applications of centrifugal separatior 
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and clarification are being made daily; in fact, the field for its 
uses seem limitless. A few of the centrifugal processes now 
in common use are: 

crystallized substances, 


Granular and 


Purging 


sugar, 
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EXTRACTING CHIP CENTRIFUGAI 


soda, sulphate of ammonia, brewers’ grains, fertilizers, tank 
age, hides, pelts, and metal turnings. 
Hydro-extracting stock 


hemp, linen, ramie) ; textile work (yarns, piece goods, hosiery, 


Raw (cotton, wool, silk, jute, hair 


felt and hats, beam and spool fabrics and yarns); laundry 
service, bath robes and bathing suits 

Clarifying—For filtering and separating various liquors, 
juices, oils, etc 

Sewage.—For the separation of sludge from fresh sewage 


and the reduction of moisture therein 
For all 


nitrating work 


Nitrating separating processes in connection with 


Dyeing.—For dyeing of raw stock, yarns, cops and various 
forms of textile fabrics, including sulphorous dyes 

Oil and Waste Reclaiming.—For separating and reclaiming 
il from wiping waste, machinery wiping towels, rags, etc., for 
washing and drying waste, towels and other machinery wiping 
material 

Oil Extracting and Chip Centrifugals 
from automatic machined parts, metal chips, turnings and scrap 
The D’Olier Centrifugal Pump and Machine Company, of 
Philadelphia, Pa., are the pioneers on the application of the 
ndividual electric motor drive for centrifugal apparatus and 
ave been identified with the same for a period of ten years 
‘he cuts shown indicate a few of their standard machines 
hey also specialize in the design and construction of cen- 
rifugal apparatus involving the use of extreme high speeds 


nd special construction. 


Fi rr recoy ering oil 





Cooling Towers.—Natural-draft towers of the Wheeler- 
alcke design are described in Bulletin 109, of the Wheeler 
mdenser & Engineering Company, of Carteret, N. J. 


ese towers are of wood with an improved water 
stributing system and compact cooling stacks which 
is the water on the “drop and film” principle. The 


ills of the tower are continued above the level of the dis- 

butors, so as to form a chimney of some height, which in- 

ces a natural draft and draws the air through the tower with- 

t any expense of driving fans. The bulletin discusses the 

ory of cooling, and points out the necessity of scientific de- 

n of condensers and cooling towers. It then discusses the 
¢ onomy of the Wheeler-Balcke construction. This bulletin is 
f ofusely illustrated with photographs of many interesting types 
© natural draft towers. Drawings are also shown of typical 
i: stallations with different types of condensers and towers. 





CHEMICAL 


salt, 





ENGINEERING 


359 


Absorption and Reaction Towers for Chem- 
ical Factories 


Absorption Towers 


Absorption towers, as generally employed in the chemical 


industry, may be divided into two groups: 


\.—For the simple absorption of a gas by a liquid—usually 
forming thereby a definite chemical compound 

B.—As mixing and reaction towers for gases with simul- 
taneous absorption by a liquid 

Under “A” we have towers for the absorption of sulphur 
dioxide, carbonic acid gas, nitric acid and nitrous fumes 


(residual gases from works processes and Gay Lussac towers), 
and the like 


chief re 


} 


arbon bisulphide, acetone 


In such cases the quirements are that 
should pass over surfaces uniformly wet with the liquid—that 


such 


same time 


surfaces should be as iarge as possible—and that 


an eddying motion should be imparted to the 


as they pass upwards, so that fresh gas particles constantly 
come in contact with the wet filling material 
Supposing that for such were 


an absorption several towers 


arranged in series, it is evident that in the first wer the 
bsorption will proceed more readily than in subsequent towers. 
It is, therefore, desirable that the filiing material for each 
tower should be suitably chosen, in order to avoid unnecessary 


expenditure 


The main requirements for good absorption are greatest 
possible surface per cubic foot of filling, good mixing of gas, 
and the correct proportioning of the ratio between the section 
of the tower, and the net section free for the passag »f the 
gases—this in order that the gases may not pass too rapidly up 


he tower, without, however, appreciably affecting the draught. 

The intending purchaser has in these days of strenuous com- 
lhe 
days of coke as a filling material, except in certain very special 


petition a large variety of tower packings to select from 


cases, are numbered, and it has long been established that a 
small tower with good packing will do the same work as a 
large coke tower 

Plain acid-proof bricks, prism-shaped bricks, triangular, 


rhombohedral and trough-shaped bricks, and rings of various 
kinds, have all been tried, and all suffer from the same defect, 
namely, that they occupy a large percentage of the volume of 
“free 
seem to be 


the tower, and leave insufficient “absorption space” or 
de- 
signed on the principle to take an empty tower, fill it up as 


space” for the gases. Some of these bodies 
much as possible with packing (presumably with the intention 
of obtaining a maximum of wetted surface) and leave as little 
room for the gases as possible. 

Broadly speaking, it may be said that the better and more 
efficient the tower filling the greater may be the velocity of 
the gases. The sectional area of a tower naturally determines 
the velocity of the gases in the tower, and hence the so-called 
“free space” or “absorption space” of a filling material has an 
the 
percentage of the cubic capacity of a tower which remains free 
for gases. 


important bearing on its efficiency The “free space” is 


The great success of the Guttmann hollow balls as a tower 
Millions 
of these balls were sold, but they could not come into universal 
use because of their high cost and because they were unsuit- 


packing was due to their very high “free space.” 


able for large towers and dusty gases. 
The latest type of filling 
are superior even 


material, the Guttmann cells, 
to hollow balls, and not only in regard to 
efficiency, but also because the cells are considerably cheaper 
and have a very high “free space.” 

As will be seen from the illustrations these cells when built 
up in a tower form in section a regular honeycomb structure, 
each four cells enclosing a reaction space corresponding to an 
additional cell. The whole of the tower is thus symmetrically 
divided up into a number of equal reaction spaces, and in such 
a way that both the outer and inner surfaces of the cells are 
wetted, and must be traversed by the gases, which are ascend- 


ing and diffusing through the tower filling. “Channeling” or 











METALLURGICAL AND 


formation of separate streams of gases or liquids cannot 
cur when cells are used, as is often experienced with other 
lling material 

1 shows diagrammatically four cells arranged in the 

ay as if they were stacked in a tower, the path of the 

r being shown by plain arrows and the probable course of 
circled arrows 

are the top cells; 


he gases entering from below expand in the interior of the cell 


gases Dy means ol 


Slots made in and bottom walls of the 


pass out through the slots in 


Each cell 18 provided at 


with a number of projec 


rest against corre 


the neigh 


ojyections on 


ll. and at the same time 
slots for the reaction spac« 


cells 


split up 


yy four adjacent 


are efhciently 


vases 


slots, and al 


tri uted by the 


s through a narrow open 


a relatively large reaction 


and 


t expand into 


the ( ell 


issuing through a narrow slot 


( vases 


throughout before 


juid flowing in the opposite 


n, and torming a complet 


surfaces, thus 
SYSTEM OF 


ate 
TTMANN Ct 


nt most mtn contact 


and very efficient 


Che 


n and contraction of the gases serve t 


h the 


vases, 


sorption results eddies caused by the alternate expan 
thoroughly mix th 


and t rther reaction or absorption 
cells 

solid 

the cells can be readily and quickly 


dusty 


induce fu 


walls of the being very steep render it 


Che 


ractically 


side 


impossible for matter or impurities to collect 


mn them, while, if necessary, 


flushed down and cleaned For extremely gases—such, 


the lower third 
th: 


rf instance, as pass through a Glover tower 


the tower may be filled with large slabs or bricks in 


area of the slots, and thus the area available for the 


Che 


assanre 


»f the gases, is so designed that the gases remain for a 


sufficient length of time in the tower for the reaction to take 


place, without, however, appreciably affecting the draught 
a perfectly uniform 


placed on the 


to obtain, as far as possible, 


f liquid, distributing channels are 


f cells in the tower, and it will be clear that, given 


feeding arrangement for the liquor, the inner and 


the cells would be uniformly wetted through 


aces ot 


the distributing channels 


the and 
like 


‘f paying special attention t 


tower 
bricks, 
) their spac 


stable structure within 


ult up in a regular manner, just but 
necessity 
preserving definite intervals between them; the pro 
at the sides of the cells do this automatically 
surface” of the large cells is 15 sq. ft. per cubic 
the cells 30 sq. ft. per cubic foot, and they 


designed and proportioned in every way to give 


tive 
small 
results 


est 


Reverting to the question of “free 


woth sizes of cells have a free space of 71 


the 


ind that 
all other 


most 40 to 50 


for varieties of filling material “free 


is at per cent 


Let us now take an example 


1000 cu. ft. of per 


Ras 


found 


\ tower is required to deal with 


minute, and from and research it has been 


that for efficient and economical absorption the vertical velocity 
It follows 


experience 


of the gas up the tower should be 50 ft. per minute 
that, when using an inferior filling material and assuming 50 


per cent. “free space” (to take the figure most unfavorable for 


1oo0o0 


the cells), a tower of sq. ft 40 sq. ft. sectional 


50x0.50 


area is required, so as not to exceed the desired vertical velocity 
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of the gas. Under precisely the same conditions, and em- 


1000 

ploying cells only — sq. ft. section are 
50x0,7 I 

required for the tower. It follows that the area of a tower 
which is filled with inferior filling material must be greater by 

at least 42 per cent. than that necessary when using the best 

filling material, the cells. 

Let us now compare the total cost of two towers as above, 
made of acid-proof bricks and filled to a height of say 24 ft. 
Ordinary Cell 

lower lower. 

Wetted cu. ft 


| ree 


surface, sq. ft. per 


space (maximum) “ 
( Usually between 35 and 40% only ) 
Required area of tower, sq. ft 

tree volume) 


(To give same 


Total volume of filling material, cu. ft go 672 


lotal wetted surface in tower, sq. ft 9600 10,080 


Phe 


Tt import 


comparative costs under American conditions, exclusi 


duty, may be estimated as follows 


cost of 1 tower, as above, in 


 stimated 


cluding foundations and erection, but 


exclusive of all pottery parts 
Filling material, 960 cu. ft., 
u. ft 
cu 


Filling material, 672 


cu tt Os 
$3,640 
Saving 32 

With 
ing, therefore, results from the 


The cell 


saving mn 


cash sav 


an equally ethcient tower a considerable net 


use 


of more expensive cellular 


filling material tower is, however, far preferable 


because of the ground space and buildings, smaller 


cost of upkeep of smaller towers and reduced quantity of liquid 
that has to be circulated (the quantity being proportional to the 
The last 


importance, as it represents an annual saving which, if capital 


area of the tower) factor in particular is of great 


ized, amounts to a large sum, while in addition, fewer Montejus 


etc., may be required 




















TTMANN 
MM 


SYSTEM OF GI 
HEIGHT, 200 


CELLS 
LENGTH, 500 MM 


FIG. 2—A 
GREATEST WIDTH, 100 MM 


1000 CELLS PER CUBIC METER 


of oth 


dimensions or with different filling material can be readily « 


The saving to be expected in the case of towers 
termined by a suitable modification of the figures given. 
Cells in the “Nitric Acid from Air” Industry and for 
Artificial Silk, Celluloid and Similar Factories 
One of the most important uses to which absorption tow: 
of the above described “B” type are put to is as reaction a! 
absorption towers for these industries. 
Such towers must deal with air containing about 2 per c 
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NO, and in order to understand what takes place, it is desir- 
able to first examine the nature of the reaction taking place 
when NO is absorbed by water. 


What happens may be seen in the following equations 


2NO + QO, 2NO, 
2NO +O NO, 
2NO, H.O HNO, + HNO, 
NO, + H,O = 2HNO 
Nitrous acid is thus produced, which decomposes as follows: 
3 HNO, HNO,+2NO H.O 


lhis equation demonstrates that NO is continually regenerated 
during the process of absorption 

The oxidation of NO to NO,, which is shown in the equation, 
called 


extent independent of the 


“time reaction,” which is therefore to a great 


is a so 


nature of the filling material 


It is specially important that for such uses the tower should 


he equipped with filling material, which gives not only the 


necessary active 
on, but also 
\s the 


required area of the 


surface and mixing action for proper absorp 
the vreatest possible “free space 


xidation occupies a detinite tixed 


tower, vor 
as in the previous example 
depends on the “free space’ 
or “absorption space,” 
the same calculations hold 


vood Large cells are pat 


ticularly suitable for secur 


ing these conditions on a 
count of the low total in 


stallation costs of a tower 


filled 


surface” per 


or towers with them. 


rhe 


cubic 


“active 
foot 
part in this case than in that 


plays a smaller 


first considered, as the chiet 








essential for the good work 
ing of such “reaction 

towers” is a maximum “fre« FIG, 3.——ARRANGEMENT OF CELDS 
space” together with suf IN A TOWER 


cient “active surtac« 
now being used in the artificial 


celluloid 


In such cases pure NO gas usually has to be dealt with, 


Similar absorption plants are 


silk industry and in connection with and similar 


works. 
which, by oxidation with air, is diluted to a gas contaiming 5 
NO 


described in 


10 per cent. 

The this 
vy the Deutsche Steinzeugfabrik, of Friedrichsfeld, Germany, 
their this country being Mr. J. W. 
Beekman Street, New York City. 


cells article are being manufactured 


agen in Sittig etce.), 5 


Bakelite Patent Recognition 
between the 


Bakelite 


America, the suits 


As a General 


Company and the Condensite Company of 


result of negotiations 





rought by the former against the latter and its customers for 
lleged infringement of the bakelite patents, have been with- 


rawn, and the Condensite company, recognizing the pioneer 
} haracter of Dr. L. H. Baekeland’s work, has acknowledged the 
} alidity of the bakelite patents in suit and some others, and 
vill pay substantial royalities thereunder. The General Bake- 
j te company will continue the manufacture of bakelite under 


Ss numerous patents, and the Condensite company will manu- 
icture condensite under the Aylsworth patents, as well as 
e license just granted for such of the Baekeland patents as 
re broad enough to cover condensite. 

This recognition of the force and validity of the principal 
aekeland patents by the only other manufacturer of conden- 
ition products is a confirmation of the Baekelite company’s 
aims for the broad scope and pioneer character of these pat- 
its. There is much that is old in the art of making phenolic 
ndensation products, but Dr. Baekeland was the first to make 
ractical application of what theretofore had been chiefly lab- 
‘atory experiments. 
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Production of the Diamond in Electric 
Furnaces* 


By Francis P. Mann 
Should the results obtained by a metallurgist of Paris, E 
that is 


method is likely to work a revolution in the production of the 


de Boismenu, prove to be all claimed for them, his 


diamond. The inventor has just published the results of his 


work in a brochure** which appeared at Paris, but the matter 


has as yet not found its way into the technical press 























Our attention having been called to this publication, it at 
oe recy 
26 ORR A LT onay 
4 
HI | 
4 Set LAL | 
i ] A 
————— ee = 7 — 
of . 
| 
{ 
N\ 4 
1 Seeaceenenseem sbegRNnEasen emma, 
FIG, I—ELECTRIC FURNACE FOR ARTIFICIAI \MONDS 
once awakened our interest, especially as we formerly had 
occasion to observe the work of the late Professor Moissan, 


diamond. We 


accordingly made a visit to the inventor, and he allowed us to 


of the Paris University, in the formation of the 


inspect a collection of the minute diamond crystals which he 


obtained, the largest of these having 2.7 mm 


1 - 2 
iowever, as 


(7/64 in.) length 


will be further noted, this is believed not to be 


hy any means the possible limit of size, and the inventor is con 


dent of obtaining large crystals of the diamond in a more 


xtensive plant adapted for the purpose 

\ comparison with Professor Moissan’s process is at once 
suggested, and this is quite in favor of the new method. It 
will be remembered that Moissan based his process on the idea 
of using an extremely high pressure in order to crystallize 
carbon. Melting iron with an excess of carbon in the electric 
furnace, he plunges the mass into water so that the surface 
cools and solidifies around a still liquid inner portion. The vio 
lent contraction and resulting pressure on the inside part which 
is thus obtained acts to bring about a crystallization of carbon 


Mois- 


seemed 


in the shape of microscopic diamonds. The largest size 


san could obtain was a 0.7 mm. (1/32 in.), and there 


to be no great hope of increasing this size so that the method 
now has purely a scientific interest 

Quite the contrary is true in the process used by M. de Bois 
menu. Pressure does not intervene here, and the method con- 
sists simply in electrolyzing a fused bath of calcium carbide in 
The heat 
should last for several hours, and at the end of this time there 


an electrolytic furnace by the use of direct current 


is found decomposition of the carbide with formation of small 
crystals of pure carbon. As the size of the crystal depends on 
the length of the operation, the limit of size cannot be con- 
jectured. It took the inventor a 12 hours’ run to obtain his 


largest size of 2.7 mm. and his experimental plant prevented 


him from going further, for otherwise he had reason to be 
lieve that the size would continue increasing, to what point it 
is yet unknown. 

The plant which he set up in order to prove the value of his 
theories was located at Paris and was a very primitive one 
The main drawback was that the lighting company would not 
furnish the current except during the day on account of the dis 
turbances to the circuit. He ran a small 50-kw motor which 
was coupled to a pair of electrolytic generators producing 800 
to 1200 amp each at 15 to 40 volts, using these to supply his 


*This article is published as, an interesting news item, although 
various points in the process and its description are in need of further 
explanation.—Editor, 

**Fabrication Synthetique du Diamant. 
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electrolytic furnace. The inventor's results were obtained as 
1908, but for 
been made public until the present time. 


to make the 


far back as a number of reasons they have not 
As it was impossible 
longer run which is needed to increase the size 
The 


inventor is endeavoring to obtain the necessary resources for 


of the crystals, the plant was stopped during that year. 


putting up a second and more elaborate plant. 
rhe experimental furnace which he used in the present work 
and 
75 cm (30 in.) length by 50 cm. (20 in.) 


was a simple firebrick construction, such as Fig. 1 shows, 
had an inner space of 
width and the same depth. The bottom was made up of layers 
of brick with the top part laid out s 


bed, while the 


as to form a V-shaped 
sides had a firebrick lining which could be re- 


placed if need be after the operations. Upon the sole he used 


a packing of a mixture of powdered lime and carbon containing 


So per cent lime, and as a container for the mass of carbide in 


made of 
rial to be the 


fusion he employed a semicircular-section trough 
fused carbide itself, which he found after some 
best. Subsequently he reduced the inside 
rick 


electrodes he used ; air ot ré arbons of 165 


width of the space t 
by adding frrel 
mm 


in.. diameter and 1.5 gth. He then pro 


osed to form a bath of melted carbide within the trough and 
to keep t 


ance, as is usual in such types of furnace. The 


fusion by the 


mass in heating effect of its resist 
two carbons 
worked within the carbide trough, the positive carbon being 
fixed and the negative carbon adjustable in the well-known way 


With the 
producing 


was at first successful in 
April 13, 


hours’ duration. At the 


present arrangement he 


small crystals of carbon on 1908, running 


on this occasion with a heat of six 


«Enriched Carbide 
«Undecomposed Carbide 
“Decomposed Carbide Crystals 
FIG. 2—RESULTS OF EXPERIMENT 


A 
B 
C 


start he fed in small particles of carbide around the electrodes, 
then gradually separating them as the mass heated up, until he 
finally had 3.5 kg. (8 lb.) of carbide under treatment. The 
maximum distance between carbons was 24 cm. (9% in.). 

During the last three hours of the run the electrical condi- 
tions remained rather steady at 34-35 volts and 800 amp. 
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At 3 o'clock he 
had fed in the maximum amount of carbide, and then covered 


The current was finally cut off at 4:45 p. m 


the whole with somewhat large pieces of carbide under which 
the melted mass kept under the action of the current, and 
upon the whole he placed the above-mentioned lime and car- 
bon mixture, then covered the furnace with a pair of firebrick 
slabs. The furnace ran in this way until the end of the test. 

After allowing to cool off 
and took out the fused 


It was seen that a marked electrolysis had taken place. 


overnight, he opened the furnace 


mass which adhered to the two car- 
bons. 
There was, in fact, a striking difference between the 


lock 


calcium carbide in 


negative 
portion and the rest of the 
The middle 


unchanged state, while around the 


an apparently 
there 


part contained 


positive carbon was 


a mass of carbide which appeared to be finer and better crystal- 


lized than the ordinary \s concerns the part lying argund the 


negative pole, it appeared to be made up exclusively of carbon 
in a light and spongy state and black color. his mass was 
afterwards found to contain flakes of graphite and also minute 
carbon 


crystals of pure 


lreating the black mass with water he reduced it to the state 


of a muddy deposit and then dried the same. He was then able 
to pick out 
lid not 


small diamond crystals, which in this 


length. 


experiment 


reach more than 1 mm. (0.04 ) in These 


with an enlarge- 


the diamond, 


rystals when viewed under the 


20 diameters showed the appearance of 


microscope 
ment of 
and beams of light directed upon them at various angles caused 


hem to I 


with the remarkably brilliant hues which char- 
The crystals which the inventor obtained 
submitted to two eminent 
members of the Academy, M. 
Natural 


Maquenne, professor of applied 


glow 
acterize the diamond 


in various experiments then 


both 


mineralogy at the 


were 


Paris scientists, Lacroix, 


professor of History Museum 
(Jardin des Plantes), and M 
chemistry at the College de France After applying the well- 
known physical and chemical tests, they both pronounced the 
specimens to be crystals of pure carbon and consequently dia- 
monds 

very 


\lthough the crystals obtained in this way are pure, 


their form is on the contrary quite irregular and variable 
Some of the crystals show two and even three well-defined 
faces, and others show but one. Still others are rounded off 
entirely without showing the least face or angle, and the in- 
ventor possesses quite a number of specimens of very small 
size whose nature could not be perceived without the aid of the 
microscope, as they resemble small grains of transparent silica 
or melted glass. Some of them have the appearance under thx 
microscope of rounded drops. He considers the shape of thes« 
pieces to be the best proof of the authenticity of his speci 
mens, for it would be impossible to form such grains by an 
artificial process. 

We remember, in fact, that Professor Moissan showed us 
some specimens of his products under the microscope which 
had the appearance of rounded drops, and he gives some con 
siderations upon this subject in his treatise on the formatior 
of the diamond. The specimens obtained by M. de Boismenu 
and which he kindly allowed us to observe, also gave examples 
of rounded and elongated masses and these appear to be of an 
analogous character. It would not be possible to procure such 
minute rounded specimens by breaking up fragments of th: 
diamond, as all who are familiar with the subject will adm: 
at once. We should state that the carbonaceous mass contain 
quite an amount of even smaller particles down to the minutes 
grains. 

Continuing his work with the electric furnace on about the 
same lines as described, he made thirteen separate tests durin 
the following two months, in all of which he was successfu 
in producing diamond crystals. What he noticed specially dur 
ing the experiments was that there was a marked proporti: 
between the length of the operation and the size of the cr) 
tals. In fact, the crystals appear to grow in size according 
the well-known phenomena of crystallization. This is one « 


the most important points in favor of his method for he hop¢ 
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in the future to secure much larger specimens by applying a 
longer heat. 

It is noticed that by comparing the lengths of operation and 
size of crystals, the rate of growth is about 0.2 mm. (0.008 in.) 
per hour. He summarizes these results as follows, showing 


the lengths of his tests and maximum sizes of crystals 


Length of operation, 6 hour. Size of crystal, 1.5 mm 
a 9 * 6 as * 
= ™ 2.5 
a | - a7 
He was unable to run his furnace for more than twelve 


hours at a time, as we already mentioned, so that nothing 


leads up to suppose that he had arrived at a limit. Admitting 


the above rate, and extrapolating a 42-hours’ continucus 


run would give diamonds of 8.7 mm., which is already a large 


size, and a run of 72 hours would produce the re- 
markable size of 15 mm. and weighing 60 carats. Naturally 
this is only a surmise, but there is nothing in the nature of the 
case to contradict the possibility of such results. What is 
certain is that he produced crystals of 2.7 mm. on a compara- 


tively short run and with a primitive plant and using ordinary 
commercial material. 
Ihe objection, and apparently a serious one, was made that 


according to the phenomena of electrolysis, the carbon sepa 
rated frem the calcium should be found not at the negative but 
at the positive pole 


was fi 


However, the negative side of the bath 


und invariably decomposed, and here were seen the 


crystals and never on the positive side. This anomaly is ex- 
plained upon observing the working of the 


the second part of the 


furnace, as during 


operation, the negative region con- 


stantly gives rise to flames of a bright rose color of character- 
state of incandescent 


forms these flames, and this ele 


Calcium in the 
from the 


istic appearance vapors 


escaping furnace 
ment set at liberty at the cathode sets free the carbon with 
Part of the carbon re 


mains isolated at this pole and is imprisoned and 


which it was united as calcum carbid« 
crystallizes in 
of the carbon 
goes to the positive pole and enriches this part of the bath 
The inventor's method is covered by 
Aug. 24, 1907 

Paris, France 


the mass, as the inventor supposes, while the rest 


French patent No. 4566, 


Condensing Equipment.—The city of Cleveland, Ohio, has 
awarded a contract to the C. H. Wheeler Manufacturing Com- 
pany, of Philadelphia, Pa., for surface condensers for the new 
municipal electric light plant. This plant which will be a model 
one in every way, will consist for the present, of three 5000- 
kw Allis-Chalmers turbines with C. H. Wheeler high-efficiency 
surface condensers having Mullan patent 
vacuum pumps and motor-driven centrifugal circulating and 
hot-well pumps. The condensers will be installed under rigid 
efficiency guarantees covering performance under widely vary- 
ing loads and water temperatures, the normal operation being 
284 in. vacuum, although with cold water and light loads the 
performance guarantee requires the production of a vacuum 
within ™% in. of the The largely 
warded on the basis of the extremely low operation cost and 
low maintenance guarantees made by the C. H. Wheeler Manu- 
facturing Company 


motor-driven 


barometer contact was 


Remedies for Condensation Under Concrete Roofs.—In a 
ecent interview Mr. Leonard C. Wason, president of the Aber- 
haw Construction Company, Boston, was asked what was a 
imple method of preventing condensation under a concrete 
oof of a power house in Boston. At the present time the 
wners are running a steam pipe under the roof to keep it 
varm. Mr. Wason stated that, of course, the thing to do is to 
nsulate the roof, and he recommended taking off the gravel 
nd putting down an insulating felt, a number of which are on 
he market. As an alternative Mr. Wason recommended fasten- 
ng sheets of cork to the under side of the ceiling. This would 
ost from 6 cents to 8 cents per square foot. 
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Refuse Destructor Test 
[he results of the official tests of the Sterling refuse destruc- 
tor, installed at Halifax, N. S., by the Griscom-Russell Com- 
pany, of New York City, have just been made public. 
The test was made on March 8, 1913. It lasted three hours. 
The number of grades was three, the total grate area 75 sq. ft. 


the Abendroth-Root water-tube boiler heating surface 2034 
sq. ft. 
Weights: 
Total amount refuse consumed 24,072 Ib. 
Composition House ashes ...... 759o 18,054 
Wet garbage 10% 2852 
Rubbish ..... are : o% 2166 “ 
Lb. burned per. sq. ft. grate per hr. grate No. 1 89 
y a“ as a » 73 CO 
3 ie i 
\verage WF * 
Water Evaporation 
Temperature feed water Pera f 40° 
Boiler pressure (gauge) 145 lb. per sq. in. 
Factor of evaporation ; 1.227 
Total water evaporated . -29,992 Ib. 
Evaporation from and at 212 . 36,800 Ib. 
Equivalent boiler horsepower... eee ee 
Equivalent evaporation from and at 212° per lb. refuse 
DEE, SK u.b cc du aren eae bwa deck eeheeuee cen 1.52 
Temperatures and Pressures 
femperature combustion chamber Fahr. Maximum 1547 
Minimum 1255 
Average 1357° 
Percentage C.O Average 9.44 
Maximum’ 12.5 
Minimum 7.25 
Air pressure in ash pit 2.75 in. water gauge 
From Regenerator 3.75 in. water gauge 
Into Regencrator .. ; 4.25 in. water gauge 
fo BF | PET OTT TEP eeeT CT er tre 30° 
Temperature Air from Regenerator - oeetae 
Temperature Gases into Regenerator... Peer 
R. P. M. fan ere ewtew ohn 4 gr 
Duration clinkering periods .. ceetas .8 min. 
Interval between clinkering periods average g2 min. 
Labor cost per ton—city wages....... - eee 28c 


The combustion of refuse at the test was at the rate of 70 
tons in 24 hours exceeding the guaranteed capacity by 4o per 
The value of the 


analysis of the residues on one test showing 40 per cent of 


cent calorific refuse was very low, the 


‘ 


fine dust, 37 per cent of ash, and 23 per cent of clinker 


Personal 


Mr. Charles O. Bannister was awarded the Consolidated 
Gold Fields gold medal of the Institution of Mining & Metal- 
lurgy, for his paper on the theory of blast-roasting of galena. 

Mr. Sidney Cornell has severed his connection with the 
Pittsburgh Crucible Steel Company to assume a position with 
the Griscom-Russell Company, of New York City, to introduce 
the various products of this company into the chemical in- 
dustries. 

Dr. James Douglas delivered the annual commencement 
address before the senior class of the Colorado School of 
Mines, May 23. 

Mr. Robert C. Gemmel, until recently assistant general 
Utah Copper Company, has succeeded 
Mr. D. C. Jackling as general manager. Mr. Jackling re- 
tains the position of first vice-president of the company, and 
has also been appointed managing director. 

Dr. Theodor Goldschmidt, of the Tin and Chemical 
Works of Theo. Goldschmidt in Essen-Ruhr, Germany, is ma- 
king a trip through the West to study latest metallurgical de- 
velopments. 

Mr. W. J. Hamilton has succeeded Mr. A. B. W. Hodges 
as general manager of the Cerro de Pasco copper property, 


manager for the 
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Peru. Mr. Hamilton formerly was smelter superintendent for 
the same company. 

Mr. Justin H. Haynes has been retained to design a new 
cyanide mill for the Junta Consolidated Company, at Telluride, 
Colo. 

Dr. and Mrs. Paul Heroult have 
on a visit to this country. 

Mr. Louis D. Huntoon has been appointed eastern repre- 
sentative 


returned from France 


for the Stearns-Roger Manufacturing Company, of 
Denver, and will have his office at 115 Broadway, New York. 
Mr. E. W. Lawler, well 


nection with the ball-mill and tube-mill business, has resumed 


known through his long con- 


his position with the Abbe Engineering Company, of New York 
City, with whom he was connected a number of years ago 

Dr. L. D. Ricketts is in New York for several weeks. 

Mr. J. B. Risque has been appointed general manager for 
the Tennessee Copper Company, with headquarters at Copper 
hill, Tenn 

Mr. Guilford D. Scholl, formerly with the U. S 


Refining Company, at Chrome, N 


Metals 
J., has been appointed assis 
tant superintendent of the Electrolytic Refining & Smelting 
Company, Port Kembla, N. S. W., Australia. 

Mr. E. G. Spilsbury, of New York, is spending about two 
months on a professional trip to Colorado and 


Mr. Bradley Stoughton, secretary of the 
tute of Mining Engineers, has been to St 


\rizona. 
American Insti 
Louis in connection 
with the establishment of a local section of the Institute at that 
place 

Mr. Maximilian Toch, of New York City, widely known 
among the chemical fraternity by his extended work in the 
on May 31 to de 
liver a lecture before the Paint and Varnish Society of Lon 
On July 16, 


American President and Vice-president of the 


chemistry of paints, will sail for Europe 


don on Tropical Paints Professor Bogert and 
Mr. Toch, the 
Society of Chemical Industry, will attend the annual meeting 


of the Society in Liverpool 


Digest of Electrochemical U. S. Patents 
PRIOR TO 1903 
and w 
order 
Townsend & 


nition 


Brickenstein, Patent Lau 
Washington, D. C 


ude d ) 


Building 


Ore TREATMENT (Come 


Muftly, of 


Pyatt, of 


Sidney Pheodore 


Bowdre orel y ‘ one 


7 14,500 


half to Runyon 


a process for the separation of metals from their 


electrodeposition and refers to the application for 


us patent 714,508 The gold-bearing solution, which 


a cyanide, chloride, etc., flows through the cathode of 


a number precipitating boxes, in cascade; the precious metal 


being precipitated upon the cathode, which consists of a cellu 


lar casing containing, a carbon plate, and a mass of filiform 


consisting 


lead and zinc all 


of 20 parts of lead and 8o parts 
f zinc. Compressed air is blown through the cathode, called 


cathode” to assist in the circulation and depolar- 


cathode is surrounded with a fabric cover to pre 


f any gold particles. The solution leaving the first 
through a second, and so on: when a box is filled, it 
is removed inserted at the end of the series, 


and a fresh one 


each on The filled cellular carbon mattress- 


being moved up 
cathode containing the gold and any remaining lead-zinc alloy, 
is incinerated, the ashes collected and carefully smelted to 
bullion in the usual way 

714,861, David H Cleveland, 
Ohio ; assignor to the Canadian Copper Company, of Cleveland, 


Ohio. a corporation of Ohio 


December 2. 1902. Browne, of 


Relates to an electrolytic process for the separation of copper 
and nickel from their alloys. The alloy is cast into anodes, 


and also converted into fragments of powder, the latter is 


AND CHEMICAL 


ENGINEERING Vor. XI, No. 6 
placed in a suitable receptacle wherein it is treated with salt 
water and chlorine gas, the alloy being dissolved forming 
cuprous chloride and nickel chloride. This solution is electrol 
yzed with a copper-nickel alloy anode and a suitable cathode, 
the liberated chlorin dissolving the anode forming a further 
quantity of cuprous chloride and nickel chloride; with deposi 
tion of all the copper on the cathode, the solution leaving the 
cell containing the nickel chloride and traces of iron which 1s 
precipitated by sodium hydroxide. The nickel chloride solu 
tion is now separately electrolyzed, the chlorine liberated at the 
anode being collected and used to convert the original copper 
nickel alloy fragments into their chlorides, and the nickel being 
electrically deposited. 


REFINING 


209,056, October 15, 1878, Nathaniel S. Keith, of Brooklyn, 
New York. 

Relates to refining impure lead by making the same the anods 
in an electrolyte of lead acetate, lead chloride, or lead nitrate, 
acidulated with either acetic or hydrochloric acids, to prevent 
The 
anodes are enclosed in bags of some textile material, such as 
collects the 
as gold, silver, antimony, copper, and other constituents 
The cathode | 


lead, carbon, or other suitable material 


the formation of sub-salts and oxides upon the electrodes 


cotton, linen, or wool, which insoluble elements, 


such 
ff impure pig lead consists of copper, brass, 
Che lead is deposited 
in a pure crystalline metallic form, and may be removed per) 
odically and melted. 

214,344, April 15, Emil Andre, of Ehrenbreitstein, Get 
\ssignor to Paul Holder, of New York, N. \ 


Relates to refining base metals or 


1879, 
many, 
alloys and uses an appara 


tus consisting of an outer tank and two inner concentric cells 


each having a porous bottom. For refining an alloy of gold 


silver, and copper, a saturated solution of copper sulfate, con 


taining from three to five per cent of sulfuric acid is used 


The anodes are suspended within the innermost porous cel 
At the 
falling to the 


anode and silver 


bottom of the 


the cathodes in the outer tank copper 


go into solution, the gold anode 


cell 


of iron or any 


The silver may be precipitated within the cell by protoxid 


other reagent, and the copper solution removed 
and filtered, or the copper-silver solution may be removed and 
brought into contact with granulated copper, 
tallic 


the cathod 


precipitating me 
The purified copper solution is now returned to 
Within the space 
concentric porous cells is a constantly flowing diluted acid s 
that filters 


The exhausted catholyte is returned to the 


silver 


compartment between the tw 


lution to carry off any anode slime through th 


anode cell anocdk 
compartment. 


204,927, September 26, 1882, 


New York 
N. Y., Assignor to the United States Bullion Refining Company 


Henry R. Cassel, of 


of same place. 


Relates to an apparatus for the electroiytic separation 


base bullion, etc., containing gold, silver, and copper The ap 
paratus consists of a suitable tank containing an electrolyte 1 
which are suspended an anode of the alloy or metal to be re 
suitable bag 


anod 


fined, and which if granulated, is contained in a 


or box, of fabric or perforated material. Between the 


and cathode is a metallic diaphragm consisting of copper wir 
netting, or a bag or box filled with small pieces of copper 
other metal, or simply a series of vertically suspended wires 
The function of the copper diaphragm is to precipitate the silve: 
dissolved as silver sulphate from the anode; it is collected as 
metallic silver from the bottom of the vat, leaving the copper 
sulphate substantially pure. When anodes are used in the shap: 
of plates, etc., a box or other receptacle is hung underneath 1 
to collect any gold slime, etc. 

264,928, Sept. 26, 1882, Henry R. New 
N. Y., assignor to the United States Bullion Refining Co 

Relates to a process of refining alloys, base bullion, etc., and 


Ye irk 


Cassel, of 


consists in enveloping the cathode in a covering of leather 
parchment, canvas or other porous material that will permit 
the current to pass, but not permit the deposition of metal upon 


the cathode. The anode metals accumulate in the electrolyt 
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which, from time to time, is removed and purified; the copper 
can then be deposited separately. 

305,192, Sept. 16, 1884, James S. Howard, of Springfield, 
Mass., assignor to J. M. Abbott, of Waterbury, Conn. 

Relates to an improved solution for refining copper, and 
separating gold and silver from copper, and copper and other 
ores. The solution consists of twenty-five parts of potassium 
bisulphate, two parts of hydrofluoric acid, twenty parts of sui- 
phuric acid, three parts of any of the chemicals containing 
nitrogen, such as nitrate of soda, potash, etc., and fifty parts 
of water, and heated to about 175 deg. Fahr. The copper, or 
ore, is placed in the solution and a plate of carbon in contact 
with the copper, or the ore. A current due to local action is 
set up and the copper dissolved. The gold or silver present is 
caught by a suitable receptacle The copper may be recovered 
from the solution by electrolysis, or by tin scrap, iron, etc 
Several such arrangements may be connected in series, so that 
the current generated may be utilized to operate a copper- 
plating bath to recover some of the copper dissolved 

310,533, Jan. 6, 1885, Bernard Moebius, of Chihuahua, 
Mexico, assignor of three-eighths to William E. Pope, of 
\thens, Ga 

Relates to an apparatus for refining silver, and separating 
it from the gold, platinum, copper, lead, and other metals 
present. The apparatus consists of a tank or tanks contain- 
ing anodes and cathodes, and an electrolyte, stirrers to keep 
the electrolyte in agitation, and sets of reciprocating brushes to 
onstantly remove the anode slifne from the anodes, and the 
deposited silver from the cathodes \ steam pipe runs 
through the tank whereby the temperature may be regulated 
The anodes are suspended in frames which are surrounded 
with bags to catch the anode slimes; additional bags surround 


wth the enclosed anodes and cathodes Platinized carbon 


athodes are suggested 
Book Reviews 


Steel Rails. By Wm. H. Sellew. 734 x 1034 inches (20 x 28 
cm.), 576 pages, 361 illustrations, 33 folding plates. Price 
$12.50 net. New York City: D. Van Nostrand Company; 
London: Constable & Company 
Che author is principal assistant engineer of the Michigan 

Central Railroad. The title of the book lacks definiteness, 

making it necessary to state that only one-fifth of the work is 

n the manufacture of rails, and four-fifths on properties and 


Che first chapter is on the “development of the present sec 
tion”; it is brief but comprehensive. The second chapter is on 


' 


e “pressure of the wheel on the rail This is discussed at 
length, and in a manner which will greatly interest track engi 
neers, The next chapter, on “supports of the rail,” is a hun 

ed-page treatise on “ties,” wherein the steel tie is exhaustively 
studied. Two chapters, totalling over one hundred pages, deal 
with “stresses in the rail” and “strength of the rail,” covering 
the actual conditions of its use; while the last chapter covers 
ruil specifications 

lhe next to the last chapter, of 135 pages, sets forth the 

fluence of detail of manufacture,” and considering this more 
at length, because it is the only part of the work dealing with 
tl chemistry or metallurgy of rails, and also because it is the 
port we feel most competent to pass judgment upon, we have the 
t: lowing to say: 22 pages on the manufacture of pig iron is 
e| mentary, at places defective, and not to be taken as other 
th na superficial sketch of the subject; 30 pages on conversion 
in)» steel is likewise fragmentary, but present practice is well 
st.'ed and beautifully illustrated; 25 pages on “the ingot” is 
ve y well condensed, the author frequently putting his finger 
uj on the really important but often overlooked sources of 
WwW ikness; 43 pages on “influence of mechanical work” are 
pa tly very elementary and partly composed of quotations from 
lit: ature. On the whole, this chapter is unequal in treatment, 
pa being so elementary as to be rudimentary, and part being 
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written as if by an expert for experts. We have a shrewd 
suspicion that the other parts of the book will meet a similar 
criticism from competent critics. 











The work is beautifully printed and illustrated, heavy calen 
dered paper being used throughout. It has been a work of 
great labor to accumulate the material presented, and no other 











book known to the reviewer gives as much reliable informatio 
on this subject. We congratulate the author on completing s 


valuable a contribution to technical literature 
” ~ 

















Atomprozente und Gewichtsprozente: Sowie die Methoden 
zu Ihrer Gegenseitigen Umwandlung. By Dipl-Eng 
Fritz Hoffmann. 19 x 28cm., 20 pages, 18 diagrams and 
2 double (superimposed) plates. Price 1.80 Marks. Hall 
Wilhelm Knapp. 


This monograph is intended to furnish metallographists wit! 









































a simple, direct method of passing from percentage composi 





tion of an alloy by weight to percentage composition in atomi 














numbers, and vice versa. Simple mathematic formule ar 
given for passing from percentage on one basis to percentage 01 











the other basis, for systems of two components and of three 
components 











Graphical methods are then shown, whereby 











given the curve of properties on one basis of percentage com 











position it can be transformed into a corresponding curve for 








































































. ; ; A 
_ Tm Melting Pdint Curve 1cy 
Cu 109 Cujo Al x Al 09 Cu x 
100 | 100° 
900 900 ° 
suo £00 P 


























Arrows show Simple Chemical] Formule 









































~ |e eT ee. eo 22 3 2S 35 50° 
/ WDD WH WO YD WM W ©9006 DW WWW 0 
Alx”~~ (Al yo0 4 oe 
tCu joo 5 





ATOM PERCENT DIAGRAM 











the other basis. This is a comparatively simple matter 1 








binary systems using the reference-line method; but becomes 














difficult for ternary systems, using the tri-axial diagram, In 











the latter case, a double system of reference lines is proposed, 








one in red ink and on oiled paper, fitting over those in blac! 














ink, so that for any spot on the diagram or curves the per 

















centage compositions on both bases can be read off 








The work is very clever, and will help those metallographists 








who prefer to record or publish their results on the atom per 








cent basis. Our conviction is that the weight-percent basis 














is much to be preferred for recording experimental results, and 

















should in no case be omitted. The atom-percents are not suit- 














able for directly recording experimental results, and are not 











in advantageous form for theoretical discussion. A much mors 








logical diagram for the latter purpose is obtainable by plotting 














as abscissas from left to right I to 100 atoms of A (to 100 of 
B) and from right to left 1 to 100 atoms of B (to 100 of A) 
Joining the two diagrams in the middle, which represents A 




















Bio, the two halves cover all possible variations from A, Bx. 











to Ayo Bi and thence to Ay B,. An example is given in the 
adjoining diagram. 
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The Calorific Power of Gas. By J. H. Coste. t2mo (13 x 
19.5 cm.), 310 pages, 57 illustrations; price $2.00 net. Lon- 
don: Chas. Griffin & Co., Ltd. 

This is a treatise on calorific standards and calorimetry, and 
concerns itself principally with illuminating gas. It will be 
useful however, to the producer and user of combustible gas 
for any chemical or metallurgical purpose. A large amount 
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)f space is given to the official methods prescribed for testing 
gas, the higher and lower calorific powers, the calibrated and 
use of still-water and constant-flow calorimeters. While the in- 
a slightly old-fashioned dress, (usually 
is almost al- 


formation is given in 
feet), yet it 
the work 
mended as valuable, without any reservations 


thermal and cubic 


reliable 


in British units 


ways and satistactory, and can be recom- 


** * 
Chemiker-Kalender, 1913. 
2 volumes, 9 x 15 cm., 661 and 402 pages. 
New York. Berlin: Julius Springer. 
This well-known book is better than 


The more than a thousand pages is most carefully compiled 
and proof-read, so that errors seem to be practically absent 


Von Dr. Rudolph Biedermann. 
Price $1.50 in 
chemical 


year ever 


Where divergent data exists a wise choice is usually made of 
the and 
complete German production; we cannot imagine any technolo- 
ist to whom it might not be valuable 


most probable values. A characteristically reliable 


* * * 


Determinative Mineralogy. By J. Volney Lewis, Professor 
of Mineralogy in Rutgers College. 12mo. (13 x 20 cm.), 
151 pages, 68 illustrations; price $1.50. New York: John 
Wiley & Sons. London: Chapman & Hall, Ltd 
This book contains 60 pages of brief description of blowpipe 
tests and physical properties, including crystallography, fol- 
lowed by 34 double pages of carefully-prepared tables, printed 
These latter 
Brush-Penfield tables, which in turn 


on strong bond paper and neatly inserted. are 
modelled the 


were based on the tables of Dr. Roepper, the first professor of 


largely on 


mineralogy in Lehigh University. 
We find the book very carefully compiled, showing internal 
f the the smallest 


such as comes only from a long campaign of lab- 


evidence author’s mastery of details of 
the subject, 
oratory We thoroughly agree with his 
“chemical composition is the most fundamental 
that he had 


that principle still more extensively in the early stages of his 


teaching experience. 
principle that 
wish used 


property of a mineral,” and we even 


classification 
€.9 
metallic 


A few oversights mar the high quality of the tables: 
(p. 64) that all 
“black or dark-colored 


non-metallic luster “light colored or white” streaks; on 


erroneous statements minerals of 


or sub-metallic luster streaks,” and 


all of 
p. 78 the coat on charcoal is omitted as distinguishing molyb- 


denite from graphite; in many cases round-about net tests are 


mentioned when the shorter and much more satisfactory blow- 
the 
ously expressed preference for the blowpipe tests wherever ap- 
plicable; all 

In spite of these and other imperfections, it is a creditable 
and useful book, 
edition 


pipe tests are far preferable—contrary to author’s previ 


organic minerals (coals, pitches, etc.) are omitted 


which can be made still more so in a revised 


* * * 





Oil Fuel: Its Supply, Composition and Application. By 
Sydney H. North, revised and enlarged by Edward But- 
ler. 12mo (13 x 10.5 cm.), 238 pages, 107 illustrations. 
Price, $2.00 net. London: Chas. Griffin & Co., Ltd 

While the use of oil as fuel is decreasing in some parts of 

the it is increasing in others, such as Texas and 
California, and this resumé contains therefore information of 
great value to many industries. The illustrations are almost all 
working drawings to scale, and show all varieties of oil burners 
and their attachment to various furnaces. The discussion of 
chemical composition of fuel oils and the conditions of their 
combustion is rather brief; the larger part of the book is then 
taken up with descriptions of burners, and their use for marine, 
naval, locomotive and automobile purposes, while a rather short 
chapter is devoted to metallurgical and chemical purposes. The 
book is, therefore, written more from the mechanical engineer’s, 
or perhaps we might say from the fuel engineer’s, standpoint, 
rather than from that of a chemist or metallurgist; but at any 
rate it is a useful, practical book. 


world, yet 
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Explosives: A Synoptic and Critical Treatment of the Liter- 
ature of the Subject. By Dr. H. Brunswig. Translated 
lated and annotated by Dr. Chas. E. Munroe and Dr. 
A. L. Kibler, of George Washington University. 12mo 
(13 X 21.5 cm.), 350 pages, 45 illustrations. Price $3 net 
New York: John Wiley & Sons. London: Chapman & 
Hall, Limited, 

This is another of those works which prove the vitalizing 
A great 
accumulation of experimental material was awaiting the in- 
forming touch of physical chemistry, and this science has an- 
nexed the whole field as a practical application of the velocities 
very high 


influence of modern science on century-old industries. 


of chemical reactions and chemical equilibria at 
temperatures and pressures 

A perusal of the work is fascinating; it forms one of the 
finest object lessons in applied science ever written. All of the 
physics and chemistry of high temperatures and high pressures 
are put under contribution, and many principles useful in other 
fields are concretely illustrated. To read it understandingly re- 
quires a working knowledge of advanced physics and chemistry, 
especially of specific heats, latent heats of fusion and vaporiza- 
tion, thermo-chemistry, chemical equilibria and velocities of 
chemical but the reader thus equipped will be 
charmed with the subject. 

No one practically manufacturing or testing explosives can 
afford to be less than master of the contents of this excellent 


reactions; 


work. 


Theory, Construction, Installa- 
tion, Handling, Using and By Gaston 
Ossa, Assistant in the Electrochemical Laboratory 
University of Chile. 18 x 26 cm., 103 pages, 55 illustra- 
Price $1. Santiago de Chile: Sociedad Imprenta 
y Litografia Universo. 


Accumuladores Eléctricos. 
Calculation. 


tions 


Asked to install a storage battery in the laboratory of the 
university, the author found the Spanish books on electro- 
technology totally lacking in practical directions for this work, 
and the foreign books were either too voluminous or inacces- 
sible—at least so the author states. Perceiving the need of a 
short treatise for the use of the Spanish-reading public, this 
hook was compiled. Eight short chapters cover the principles, 
electrodes, electrolyte, installation, testing, irregularities, man- 
ner of using, and calculation of batteries for a given service 
The writing seems to be done with full command of the de- 
tails of the subject, wise selection of the important points, and 
expressed in clear language (containing, however, interesting 
the pure Castilian, characteristic of our 
Chilean neighbors). 

We assure Mr. Ossa that he has most creditably won his 


deviations from 


spurs as a scientific writer, and wish him still further occupa 
tion and success in this line. 
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The Principles of Electro-Deposition: A Laboratory Guide 
to Electroplating. By Samuel Field. t2mo (13 x 19 
cm.), 383 pages, 121 illustrations. Price 6 shillings ($1.& 

London and New York: Longmans, Green, & Co. 

An extensive but quite elementary work. The fundamental! 
principles are well explained, but practical details are scanty 
Many modern ideas or usages are not noticed or regarded 
The use of the term coulometer instead of voltameter shoul 
be adopted. A kilowatt hour is designed as a B.T.U., whic! 
is still a common usage in Great Britain, but should finally b 
discontinued, as B.T.U. in English literature has three differe: 
meanings. It may mean either British Thermal Unit or Boar 
of Trade Unit and as such it may mean either kilowatt hour « 
kilowatt. Positive and negative poles are marked +ve an 
—wve, respectively, instead of simply + and —. 

Aside from these minor faults, which give a somewhat ol: 
fashioned impression, the book is carefully written and w! 
serve as a useful introduction to the subject: for beginners t 
read. 


net). 














